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Abstract 
An investigation into rule-based computer-mediated petformance of music is 
described. Representative publications of salient research at the Royal 
Institute of Technology in Stockholm and ancillary research at other 
institutes is presented and discussed. A critical analysis is given of the 
specific publications discussed and of the literature in general. Based on the 
critical analysis, fifteen research goals for original work in the field are 
identified and stated. The research goals for experimental work include the 
use of several petformance rules simultaneously, the inclusion of several 
factors in the experimental design and analysis of results that were not 
previously considered in the literature, the use of a large sample population 
and the use of both musically trained and musically untrained subjects. Two 
experiments are reported on that determine levels of rule-based computer 
generated musical expression in computer-mediated performances of 
orchestral opera repertoire. Five of the Sundberg Petformance Rules are 
used in the two experiments. The first experiment specifically investigates 
implementation quantities of the rules. The second experiment investigates 
the acceptability of musical excerpts processed with implementation levels of 
the rules determined in the first experiment. The term 'Petformance Quality 
Tests' (PQT) is coined and defined to describe the tests in the second 
experiment. Empirical results regarding implementation levels of the rules 
and discernment of petformed musical expression within a defined sample 
population are given. A large data-base of the experimental results is made 
available for further research. 
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Introduction 
0.1 General description 
In this work specific questions are addressed that relate to the implementations and 
manifestations of musical expression in electronically generated performances of orchestral 
excerpts drawn from standard opera repertoire. The question may be posed: why use 
computers to generate and mediate performances of 'traditional' western music and 
particularly, western opera? The question is here stated and the answer given not out of a 
need to justify this study, but rather as a clarification of the intriguing thoughts and 
questions that may arise in this area of endeavour. Aside from the specific reasons for 
concentrating on late romantic opera literature presented in section 0.2, the precedent for 
this study is as follows: J. Sundberg led research at the Royal Institute of Technology in 
Stockholm to develop a device that emulates a singing voice. It was observed early in the 
development that the performances delivered by the device were dry and severely lacking in 
expressiveness. As a result Sundberg embarked on his research into mechanisms for 
adding expression to artificially generated performances of music. Most of the repertoire 
used to test the effectiveness of the singing device was drawn from standard western 
operas and folk songs. Hence Sundberg's original intention for research into computer-
mediated expression was to improve the musical results obtained from a device that 
artificially generated performances of vocal repertoire. The research into expression led by 
Sundberg began with monophonic musical excerpts and developed into research using 
polyphonic excerpts. The sources for the musical excerpts used in Sundberg's research into 
musical expression were both vocal and instrumental repertoire. This study extends many 
aspects of Sundberg's research, but to remain faithful to the original impetus for research 
into computer-mediated expression, the Sources for the musical excerpts in this study are 
exclusively opera repenoire - folk song repertoire could not satisfy the exigencies of the 
experiments described in this work. 
The experiments that constitute the major portion of this work are based on the previous 
research of J. Sundberg and others who joined him in the development of music 
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performance rules. The experiments presented in this work are the first large-sample trials 
using software designed to implement the Sundberg Performance Rules in MIDI-based 
systems. 
The first experiment described in this dissertation (Chapter 3) regards implementation 
quantities of the Sundberg Performance Rules. For example, the research investigates 
whether there are generic levels of implementation of the Sundberg Performance Rules that 
can be universally applied to computer-controlled performances of the orchestral portions 
of opera repertoire (Le. non-instrument specific and non-extract specific). The research 
described in this study also includes the modality and the tempo of a given musical excerpt 
as treatment factors. In the second experiment the research investigates the adequacy, 
within two given contexts, of various implementation quantities of the Sundberg 
Performance Rules that are derived from the first experiment. Based on subjects' 
discernment of a given electronically generated musical extract, it is examined whether 
subjects judge that the associated implementation levels of Sundberg Performance Rules are 
adequate for generating an acceptable quantity of musical expression. To assist in 
maintaining a close relationship between the experimental design and the context of a live 
performance, the second experiment is not strictly modelled on listening tests that determine 
preference. Rather, the second experiment is based on audio quality listening tests, 
modified to solicit judgments regarding the musical expression manifested by individual 
stimuli - musical perfomlances - and then rated on a standard scale. The author describes 
an adaptation of rating-scales used in standard listening-tests, and defines it as a 
Performance Quality Assessment test. In support of the conclusions, both statistically 
significant results as well as correlational effects are advanced as arguments. 
0.2 General background and purpose of this study 
Many methods have been developed to examine various manifestations of performed 
musical expression (Honing 1990; Ruffcorn & Cullem 1992; Winkler 1992), and while 
some of the methodologies have fallen by the wayside, a handful have survived and are 
being proven in repeated studies and further applications. Also the results of many studies 
into performed musical expression are finding a useful life not only in commercial MIDI 
sequencers but in informing issues related to such diverse fields as music aesthetics, 
psychology and education. The general purpose of this study is to further the research into 
rule-based computer-mediated musical performance. 
Rule-based computer-mediated performance of music is a relatively new area of research, 
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less than thirty years old. It is now one of the accepted methods for adding musical 
expression to computer-generated performances of music. It spawns from the wider 
research into expression in the performance of music. One of the founders of research into 
rule-based musical expression is 1. Sundberg at the Royal Institute of Technology in 
Stockholm. 
In experimental studies Sundberg validated observations regarding musical performance-
common procedures to make music expressive used by musicians when performing -
provided to him by the expert musician Lars Fryden. The musical examples used in 
Sundberg's listening tests were provided by software developed by A. Friberg that 
synthesized in standard MIDI files the common procedures described by Fryden. Once 
validated in scientific research, Sundberg compiled the now tested observations into a set of 
rules for the performance of music. Sundberg called this cycle of research, from expert 
observation to validation through listening tests via computer-based synthesis, analysis-by-
synthesis and defined it as a new method of research in contrast to the predominant method 
referred to as analysis-by-measurement. 
The two main objectives of Sundberg's work were to develop a new and reliable method of 
research into musical expression, and to confirm that Fryden's observations were valid. In 
spite of Sundberg's work and that of other researchers in this area, what has been 
confirmed through experimentation is a drop in the vast ocean that remains to be 
discovered. For example: 
• though various rules have been tested individually in live experiments, a group of 
rules has never been tested together. 
• though it has been suggested that the rules are musically universal, they have 
never been proven so by using different types of musical excerpts, and testing the 
rules in experiments. 
• though there have been some indications that differences or similarities may exist 
between trained and untrained musicians in their perception and cognition of 
musical excerpts that have been processed to varying degrees with performance 
rules, the experimental work is by no means conclusive. 
This study is a step toward filling the gap. It is an effort to determine experimentally the 
answers to some of the questions that form the terra incognita of musical expression. To 
date, this study is the first cross-sectional large sample study that investigates several of the 
Sundberg Performance Rules implemented together in specific categories of music. 
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In order to achieve a high level of reliability in the results, a fundamental decision was 
required regarding the source of musical excerpts, and therefore the musical focus of the 
entire study. It was decided that the musical excerpts would be drawn from the orchestral 
portions of late romantic opera repertoire for the following main reasons: 
• late romantic opera is a distinct body of music with strong characteristics. 
• late romantic orchestral opera repertoire provides a wealth of short musical 
excerpts - they generally last less than 15 seconds - that are complete and 
demonstrate none of the disadvantages of truncated or specially arranged musical 
stimuli. 
• the musical excerpts can be time-tested composition, usually with strong 
associative effects. 
• careful consideration was given to the selection of subjects in the experiments 
described below and it is argued that a natural consequence of restricting the source 
of the music to be used is that one also restricts and hence automatically defines 
parameters for subject samples. One of the issues considered important when 
defining the categorisation of the subjects was that the subject samples bear 
reasonable and justifiable relationships to a defined ecological environment. Due to 
the nature of experiments in general, and specifically experimental procedures and 
equipment, it could be difficult to argue a strong kinship between one group of 
subjects listening to performances of music that are computer controlled, artificially 
generated and reproduced on loudspeakers, and another group of subjects listening 
to perfonnances of music in a professional performance environment generated by 
musicians on traditional acoustic instruments. It is the nature of most experimental 
methodology that the focus of a study is extracted out of the ecological context 
specifically in order to reduce or eliminate the influences of extraneous factors that 
may affect the results of the study. However a balance has to be sought between the 
isolation necessary for an experiment to be considered rigorous and internally valid, 
and the inclusion of factors in the experiment or issues in the experimental design 
for the experiment to be externally valid. Professional and semi-professional 
performances of opera are occasions when the orchestral music performed is heard 
and not seen. To be precise, some of the musicians performing the music may 
usually be seen if much of the audience makes the effort to look, but the focus of 
attention is primarily on the events happening on-stage and the totality of the 
musical perfonnance. When listening to and working with electronically generated 
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and reproduced music, the focus is on the performed music uninfluenced by visual 
stimulation. It will be argued in the body of this work that the focus on the music 
that occurs in the experiments described in this work is in fact greater than the 
attention and focus given to the performed music in the ecological environment, Le. 
where professional and semi-professional opera is performed. Hence it is submitted 
that by restricting the source of musical examples to the orchestral portion of opera 
literature, one may establish an additional link with an ecological environment and a 
stronger link between the internal and external validity of the experiments. In 
addition, by restricting the source for the music examples one is, a priori, restricting 
and defining parameters for the subject samples. 
Thus the general purpose of this study is to continue, deepen and refine the research into 
rule-based computer-mediated musical performance. In order to do so, the area of 
performed music to be examined is confined to the orchestral portion of late-romantic opera 
repertoire. 
0.3 Exclusions 
It must be mentioned at the outset of this work that the current research into performance 
rules does not address issues related to timbral control. The focus of current research is on 
the manipulation of factors that involve the timing of events, dynamic alterations and pitch 
control. For example, the start and end of notes are affected by timing, the relative volumes 
of pitches either in sequence or simultaneously are affected by dynamic alterations and 
vibrato, and chromatic isms are affected by pitch. Of course timbral effects are an important 
aspect of musical expression. Moreover it is submitted that many aspects of musical 
expression involve more than one factor (for example pitch control together with timbral 
control), and may be effective primarily because of the interplay and reinforcement between 
the two factors. But in addition to J. Sundberg, the work of others discussed in chapter one 
below have shown that the manipulation of factors exclusive of timbral control is sufficient 
to create a significant impression of musical expression. Furthermore, it is common 
knowledge that the inherent flexibility of a musical instrument does not have a significant 
effect on the possibility of generating an expressive musical performance. Church organs 
are not as flexible as violins, yet their expressive range is by no means a limited one. The 
issue at the heart of this work is an investigation into performance rules through the method 
of analysis-by-synthesis. Timbral control as an aspect of musical expression and examined 
from the perspective of performance rules through the method of analysis-by-synthesis is 
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beyond the scope of this work. Therefore issues related to timbral control will not be 
addressed in this work. 
It must also be mentioned that this work should not be regarded as research into the 
perception of musical sounds or the cognition of music. The aspect that distinguishes this 
work from psychological or psychophysical research into perception and cognition is the 
fundamental qualifying feature of all psychological research, i.e. to investigate, measure or 
examine one or several aspects of human behaviour, responses or nature (OED 1981). The 
focus of attention in research into the perception of musical sounds or the cognition of 
music is by definition on the human practitioner or auditor, i.e. the subject, whereas the 
focus of the research reported in this work is on computer-mediated performed music. 
Finally it must be stated that there are many others beside Sundberg and his colleagues 
who have investigated and continue to investigate human expression in the performance of 
music. Similarly to Sundberg, some of the research looks toward the development of 
algorithms used to enhance computer-generated musical performances through the use of 
various characteristic and common time-shaping or sound shaping techniques (Todd 
1989b; 1990). There are many different methodologies used for the research and of course 
the different methodologies have various advantages and disadvantages. For example the 
most common method used in much of this research is analysis-by-measurement. The 
primary drawback to the method of analysis-by-measurement is its inability to consider a 
musical performance from the perspective of more than one tempo and meter (this issue is 
explained briefly in section 1.4.6). The exclusion made here is as follows: research that is 
based on the method of analysis-by-measurement or other methodologies are large regions 
entirely unto themselves. The focus of this dissertation is on research that uses the 
relatively new method of analysis-by-synthesis hence research using other methodologies, 
including analysis-by-measurement, are considered completely beyond the scope of this 
work. 
0.4 Terms used in this dissertation 
There are a number of temlS used in this work that need to be clarified for the purposes of 
this dissertation. The definitions are by no means submitted as final but are based on 
generally accepted principles and deemed to be acceptable working definitions. 
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Music 
The term 'music' in this work refers to the general body of western concert repertoire 
which is perfonned for a seated audience. The point is not fundamentally that the audience 
is seated, but rather that the audience attends to and focuses awareness on the performance 
(Cone 1968). This definition is by no means intended to judge or comment on any of the 
repertoire or performances which are used for purposes or in situations other than in a 
situation where the focus is on the performance in a traditional western context. The 
exclusion here is only to bar from discussion all other music and performances for example 
music that is used like wallpaper to enhance an environment, or to accompany religious 
ceremonies, or in other cultures, or "pop" music, etc .. 
Musical Expression 
According to the Oxford English Dictionary (OED 1981), expression is the human act 
which communicates to another human emotions in relation to something. This is a 
definition which seeks to elucidate by presenting the function of expression. For the 
purposes of this work, the ternl 'musical expression' will be explained by presenting how, 
rather than what it does. An explanation of the compound term 'musical expression' as it is 
used in this work is as follows: 
Musical expression refers to complex procedures with which sound can be manipulated 
and articulated by varying one or several factors simultaneously. Among others the 
procedures include variations in volume, timing of events, pitch, timbre, the location of the 
performer in relation to the listener and the nature of the materials being used to produce the 
music or reflect it. Some of the factors involved in musical expression, such as the 
materials used to produce the music, are well defined by composers and relatively easy to 
achieve. Other factors may be serendipitous such as the quality of the performance 
environment. When music is performed, most of the factors which together comprise 
musical expression - such as the realisation of the timing of events specified by a 
composer- are controlled by the perfomler. 
Of all the possible factors which may be ascribed to musical expression, when used in this 
work, the term 'musical expression' will refer only to the totality of factors that are 
personally controlled in performance by a performer and directly affect the sounds 
produced. Specifically in this work, musical expression will refer to the procedures used in 
the performance of western opera of the late romantic period. Among others the procedures 
for expression include, in the particular case oflate romantic opera, variations in dynamics, 
and variations in the timing of the beginnings and ends of notes. 
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Performance Rules 
It may be observed that western music has many standard conventions for creating musical 
expression and which are commonly applied in the performance of music. For example it is 
standard to slow down the tempo - if only slightly - at the end of most pieces of music. 
Although there are a few exceptions, in general it would be absurd to do the contrary, i.e. 
to speed up the tempo. By observing the generality of this convention one may establish a 
rule about the method for performing the end of most pieces of music, and state the rule 
akin to the following: 'slow the tempo down when performing the end of most pieces of 
music'. Slowing down at the end of a piece of music is indeed a common convention 
(Kronman & Sundberg 1987). As a convention it may be as old as the performance of 
music itself, but to define it and record it as a performance rule is a very recent 
development. There are a number of observations that can be made about this performance 
rule which may be regarded as common to all performance rules when they are first 
identified and before they are examined through research: 
• it specifies no quantity 
• it is not necessatily universally applicable - "most pieces of music" is vague about 
which music to include and exclude 
• it is possible to derive the general rule from reliable sources - from performances 
and by interviewing highly skilled musicians 
• it does not indicate any relationship to any other factor over which performers 
have control - nothing is indicated regarding the attacks of notes, the volume of 
notes, the speed or amplitude of vibrato (if any), timbre, etc. - any of which mayor 
may not have an effect on how the end of a piece of music is slowed down 
• there is no indication of how the slowing down is implemented - whether the 
function is linear, logarithmic or the result of some other approach for reducing the 
tempo. 
It may be seen that as presented above, performance rules are similar to a theory in physics. 
It is not necessarily inviolate and it may be ignored and/or refuted entirely in certain 
circumstances. It is formed by the observation of events and is proposed as a generalisation 
derived from data. 
The standard convention of slowing down at the end of a piece of music is easy to 
apprehend and its absence is likely to be noticed by most individuals, regardless of musical 
training. It is maintained that there are many other perfornlance rules, some of which are so 
subtle and difficult to apprehend as to be missed by most, even by trained performers. 
These rules are frequently much more sensitive to the interpretive style of the day. For 
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example, some singers use a technique that sounds like a sob to attack certain pitches at 
very particular moments in their performances of particular works. The rule in this case 
may be stated as: 'in a particularly poignant moment, an attack from above the pitch may be 
used to begin a musical phrase'. If overused, a contemporary singer will sound mannered, 
though there was a time when it was common to use the effect ubiquitously. Certainly 
Josef Schwarz was known for his Rigoletto primarily because of his mastery of this effect 
and he seems to have used it ubiquitously on every other phrase (Schwarz 1916). But 
fundamentally, such performance rules are not usually significant or even effective on their 
own. More commonly, when used with other rules they have a cumulative effect that 
permit the mastery of a few artists to become legendary (for example: Arthur Rubenstein, 
David Oistrakh, or Nicolai Gedda). 
It is suggested that performance rules, aesthetics and technique are the three pillars that 
support mastery of an instrument in the classical tradition of western music. There is 
certainly some interplay between performance rules, aesthetics and pure mechanical 
technique, and the interaction is synergistic. For example, a violinist must master the 
physical technique of producing the many different speeds, amplitudes and rhythmic types 
of vibrato at different dynamic levels. Concurrently the violinist will also learn when to use 
vibrato, how much. and how to apply it. 
To be more specific, it is submitted that there are perfornlance nIles specifically related to 
the use of vibrato one of which may be stated as follows: 'when performing a high, long 
note that has been approached from lower shorter notes, start the high long note softly and 
without any vibrato. Then let the vibrato begin slowly and come to full speed while making 
a crescendo on the note.' The implementation of this rule requires that the violinist first 
have the technical capability, and then have the understanding to know when and how 
much to apply the rule. Clearly the 'when' and 'how much' are questions of aesthetics-
the existence of the rule is not. 
These distinctions between technique, performance rules and aesthetics become particularly 
important when designing experiments to examine rules and their implementation. 
Depending on the purpose of an experiment, it is important that the design permits clear 
separation and demarcation between the three elements of performance. Given experiments 
that include perfOImance(s) by live performers, a common confounding factor that is not 
usually addressed in the literature is the effect of the performers' technical ability or 
personal aesthetics on the results. It should be clear that the implementation of performance 
rules by a performer involves personal musical judgment constrained by the limits of 
physical technique which is in practice, applied musical aesthetics. The experiments in this 
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work are based on clear separations of performance rules from aesthetics and technical 
proficiency. This is made possible through the use of computers and dedicated software. 
Once clearly separated, it becomes easier to examine functions and relations between 
performance rules and musical aesthetics, independently of technical ability. 
Opera 
Opera is a term that may include everything from six-hour-Iong productions of Wagner 
operas to six-minute melodramas. In general, opera may refer to the body of compositions 
either existent or yet to be composed that include vocal arts, possibly combined with any 
form of - or combination of - temporal art-forms and accompanied by an ensemble of 
musicians. For the purposes of this work, opera refers to the generally recognised standard 
repertoire in western culture. 
0.5 Organisation of this dissertation 
This work is divided into five chapters. 
• Chapter 1 presents a detailed discussion of current research - based on the methodology 
of analysis-by-synthesis - into performance rules. 
• Chapter 2 is a clarification and statement of the research goals for the two experiments that 
follow. 
• Chapter 3 covers the methodology, results and discussion of the first experiment. 
• Chapter 4 covers the methodology, results and discussion of the second experiment. 
• Chapter 5 contains a review of the complete work and proposals for further research. 
• The subsequent bibliography is followed by a short glossary of terms as they are used in 
this work. 
There are nine appendices. 
• The first appendix contains the results of the main statistical work. 
• The second appendix contains the musical examples in the code of the main software used 
in the experimental work. 
• The third appendix contains the questionnaires and other documents used in the 
experimental work. 
• The fourth appendix contains the music excerpts used in the first experiment in common 
music notation. 
• The fifth appendix contains the final data from the first experiment. 
• The sixth appendix contains the data from the second experiment. 
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• The seventh appendix contains the formulas and calculations for two statistical procedures 
used in the second experiment. 
• The eighth appendix contains graphs presenting the results for each individual subject 
from the second experiment. 
• The ninth appendix contains the measurements made to calibrate an AKA! sampler used 
in the experimental work. 
Floppy disks (Apple formatted) are included that contain the musical examples used in the 
experiments formatted in standard MIDI files, a copy of the Director Musices software-
the principal software used in both experiments, all the digital images recorded during the 
first experiment and all the data from the frrst experiment collated on spreadsheets. Also 
included is a cassette tape and DAT each containing the musical examples from the second 
experiment. The sources used for this study are the customary ones such as journals, 
proceedings and conference papers among other standard literature sources. Finally, 
because of the uncommon nature of some of the issues addressed in this study, other 
sources had occasionally to be sought for information. Thus in the bibliography individuals 
are included who were interviewed and who agreed to be presented as references. 
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Chapter 1 
Rule-based computer-generated musical expression 
1.1 Introduction 
Rule-based computer-generated musical expression is a small subset of a research area that 
is itself only a small part of the now vast area of research into human expression and 
communication. In this chapter, the concept of performance rules in music is presented and 
explained. Their background and functionality is discussed. The principal process (Le. 
analysis-by-synthesis), by which the performance rules were validated through 
experimentation, is clarified. Specific experiments, selected as representative of published 
research, that employ differing methods to examine various aspects of performance rules 
will be reviewed and critically analysed. 
1.2 History 
1.2.1 Overview 
Tn general musicologists agree that musical structure is hierarchical (Lerdahl & lackendoff 
1983, Narrnour 1977). By extension it is commonly concluded that for a performance to be 
intelligible, the musk:ll structure must be made clear by the judicious use of musical 
expression. 
"Parameters of tempo, intensity and articulation of notes ... are usually left 
to the discretion of the player, .... Perhaps the major sense of musical 
meaning, however, lies in the structure of the music itself, ... The different 
aspects of menning must all enter into the planning of a performance. [but] 
Failure to convey its structure may leave it without shape, a directionless 
concatenation of sounds." (Shaffer & Todd 1987:140 & 141) 
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Hence to communicate musical structure - the meaning that lies dormant in a notated score 
- in an effective manner it is necessary to use fluctuations in tempo, intensity and other 
factors in various combinations and permutations. But the fluctuations may not be random 
or arbitrary. There is evidence to suggest that for every moment which demands a 
manifestation of musical expression, for example a method of articulating the endings of 
phrases, there exists a rule that can be established and verbalised in order to describe that 
one manifestation of musical expression (Sundberg 1991). Further sets of rules may relate 
all such possible manifestations of expression to each other. Another set of rules may 
identify the limits of implementation of all the above rules. A precedent for considering the 
performance of music from the perspective of performance rules exists in the pedagogical 
practices related to teaching individuals how to perform music on a musical instrument. For 
several hundred years the infomlation delivered by teachers has been frequently composed 
of knowledge related to performance rules (Mozart 1756; Brown 1988). 
Some of these pert'ormance rules have been identified and confirmed through research by 
Sundberg, Fryden, ancl Friberg at the Royal Institute of Technology (KTH) in Stockholm 
over the last fifteen years (Friberg 1991; Kronman & Sundberg 1987). Other researchers 
have independently identified and confirmed performance rules similar to the performance 
rules uncovered by Sundberg (Widmer 1995). Still others have used novel analytical 
methods to compare the effects of performance rules on computer-mediated performances 
of music with perfom1ances by live musicians (Langner & Kopiez 1995). 
1.2.2 The history or research into performance rules at the KTH 
There are many examples that may be drawn from publications related to the teaching of 
performance on a musical instrument that will indicate an approach involving concepts 
similar to the concept of performance rules. Though sufficient study of such literature may 
reveal commonalities among pedagogues, it would argue the case for performance rules 
through circumstantial evidence at best. Hence the history of performance rules must begin 
at the KTH with the earliest efforts at identifying, testing and substantiating performance 
rules using a scientific method. 
By 1977 an analog singing machine named the MUSSE - Music and Singing Synthesis 
Equipment (Larsson 1977) had been developed at the KTH. The purpose of the singing 
machine was to synthesize and reproduce the vowel sounds commonly produced by a 
human vocalist or singer. The MUSSE was an artificial physical model of the human 
mOllth, throat. teeth and tongue and provided with an endless air-flow. In 1977 the controls 
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of the MUSSE were linked to a mini-computer in order to make it possible for the MUSSE 
to be controlled from a keyboard_ As a result the MUSSE was able to generate vocalise 
versions of various musical compositions ('vocalise' refers to the technique of performing 
a given composition that is scored for voice without using consonants but changing the 
vowels where appropriate, either because the composer did not include words, or as a 
technical excercise). It was quickly established that the reproduction of the human vowels 
was effective but the perfonnances were extremely rigid and clearly artificial. 
The computer program RULSYS written by Rolf Carlson and Bjorn Granstrom was then 
modified for use on the MUSSE (Carlson & Granstrom 1975). The RULSYS program 
was originally designed to convert text entered into a mini-computer via its keyboard to 
audible speech. In short, the program was an early speech-synthesis program. The 
modification undertaken was to change the RULSYS program from a speech-synthesis 
program - a program that converts text to speech - to a music-synthesis program - a 
program that converts defined pitch and rhythm combinations to sound. As a result the 
MUSSE could effectively convert a text file entered into the computer to a musical 
performance. 
One important feature of the original RULSYS speech-synthesis program was its ability to 
implement rules for pronunciation. The synthesized speech was observed and, depending 
on various specific instances, rules were proposed and tested to improve the quality of the 
pronunciation. Given the results after the proposed rules were verified, it was easy to 
determine if the proposed rules were valid or even justifiable as an effective approach to 
speech synthesis. Similarly, once the speech synthesis program was convened to a music 
synthesis program, it be(;ame possible to listen to a given musical perfonnance and propose 
rules to improve specific instances when the musical perfonnance was considered wanting. 
In 1978 the music pedagogue Lars Fryden joined Johan Sundberg at the KTH to 
investigate rules for music performance. Fryden, a highly skilled and trained professional 
musician brought to the research the quality of musical experience and perspective needed 
to discriminate between performances generated in the early research. Fryden was also the 
source of most of the rules to be examined. Thus the standard pedagogical paradigm of 
assisting a student to improve a given musical performance was carried from the 
conservatory, where Fryden taught, into the laboratory and applied to a virtual student - the 
computerised MUSSE. 
By 1984 a number of rules had been isolated, but exclusively for the computerised 
MUSSE. In 19R4. Anders Friberg joined the KTH with the responsibility to adapt the 
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complete system for MIDI control. In conjunction with Sundberg and Fryden, Friberg also 
refined the existing rules, investigated some new rules proposed by Fryden, added 
polyphonic capabilities to the system and investigated rules arising in ensembles 
(polyphony). After various early prototypical releases and an early program called Rulle 
Demo, in 1995 Friberg released the first version of the Director Musices program (Friberg 
1995). This was a program written in LISP for the Apple Macintosh which allowed the 
user to implement twenty performance rules identified through research at the KTH, 
referred to in this work as 'the Sundberg Performance Rules' or simply the 'Sundberg 
rules'. 
1.3 The Sundberg Performance Rules 
1.3.1 The basics 
Sundberg started from the assumption that musical performance entails meaningful 
deviations from the printed score (Sundberg 1991). If a score were to be played absolutely 
as printed, it would sound mechanical and unexpressive. What are frequently described as 
deviations in performance from the printed score are actually expressive and structural 
. techniques to interpret music. They are commonly expected of all performers. The 
deviations communicate structure, tension and resolution. However the application of the 
expressive and structural techniques is not arbitrary because music has a syntax which is 
generally accepted and aurally understood. 
Thus it is maintained that the deviations from a printed score are to emphasise aspects of the 
score and to communicate tension and resolution as well as structure (Sloboda 1994). To 
create emphasis in live performance, universal syntactical performance techniques are used 
to adjust musically expressive features. Examples of the universal syntactical techniques are 
as follows: certain tones are lengthened in relation to others, vibrato is intensified or 
eliminated, micro-pauses and accents are inserted, some tones in a chord are played ahead 
of others, pitches are sharpened or flattened. These techniques are applicable to any music. 
They are the tools for musicians to differentiate, emphasise and group elements of the 
performed musil". To the extent that listeners are familiar with performance syntax, the 
listeners will compreht'nd a flow of musical infonmttion. 
To establish a basis for under~tanding the application of the expressive and structural 
techniques which create the musical deviations, Sundberg describes a fundamental method 
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to determine the relative importance of individual notes and chords in a given piece of 
music. He establishes that. based on the circle of fifths. tones which are further away from 
the root of their underlying chord receive greater emphasis in performance. Sundberg 
assigns musical significance to sllch tones. He describes the distance between tones and the 
underlying chord as the melodic charge. Sundberg also describes a harmonic charge as the 
distance between the tones of a given chord and the underlying harmony. Given melodic 
and harmonic charge. Sundberg is able to assign values of importance to every tone and 
chord in a given piece of music. 
Sundberg further includes an alternative method to identify the relative importance of tones 
and chords in a given piece of music if the music is atonal. Clearly the circle of fifths can 
only be used in tonal music. Chromatic charge is used to describe the distance between 
pitches, or the distance between chords and the underlying harmony in atonal music. 
Contrary to melodic and harmonic charge, chromatic charge increases the forms of 
emphasis as tones get closer to each other in pitch. 
Melodic and hnrmonic charge are indicated by implementing the various syntactical 
techniques referred to above. For example to emphasise a high and long-held note at the top 
of a phrase, a violinist can set it apart by making a crescendo up to the note, starting the 
note in question very softly and with no vibrato, and then making a crescendo on the note 
while al10wing the vibrato to enter and increase in frequency. 
1.3.2 Basics or the V;"ector Musices application 
Twenty niles for the implementation of syntactical perfonmmce techniques are presented in 
the application called Direcwr Musices (Friberg 1995). Explained in more detail below in 
section 1.3.4, in this instance only a brief summary of the salient procedures for using 
Friberg's applications is presented. 
A given piece of musil~ is coded into a form read by the Director Musices, either text or 
MIDI files. Included in the coded file are various application-specific indicators that are 
products of an analysis perfornled by the user in a traditional fashion such as indications 
for the beginnings and ends of phrases. The user may then apply the Sundberg 
Performance Rules to the file through a graphic user-interface provided in Director 
Musices. 
For example. a rule: stipulates that the ends of phrases are communicated to listeners by 
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lengthening the final tone or tones and that sub-phrases are indicated with micro-pauses 
(Friberg et al 1987). In the analysis, the phrases and sub-phrases would be indicated in the 
coded file. Then Direcwr Muskes would adjust the coded file in such a manner that the 
note-ons and note-offs are altered to accommodate the end of phrase rule. The extent to 
which rules are applied is user-stipulated. The Director Musices software indicates 
quantities of implementation. 
Although the basic rules are effective, there seem to be some drawbacks to the 
implementation of the rules in the Director Musices application. At least two factors other 
than musical taste should be reflected in the software implementation of performance rules 
but are not reflected in the Director Musices : (1) it seems likely that there exists an 
interrelationship among performance rules that would influence their quantities of 
implementation, yet this is not accounted for in the software. In the design of the Director 
Musices the effects o\" the rules are simply additive; (2) musicians never repeat the 
implementation of perfol1n4lnce rules in live performance in exactly the same way. Human 
performanc.:e implies a margin of error in implementation but there is no way to include a 
factor of error in the implementation of the rules. Thus the Director Muskes is to a certain 
extent rigid and invariable in the way it implements expressive characteristics to 
performances. However, although the two factors described here distinguish the software 
implementation of the performance rules from live musicians, it is the rigidity and hence 
this very dependability which is useful for experimental purposes, and which has been 
exploited in the experiments presented below. 
1.3.3 The Sundberg Performance Rules 
A detailed explanation of the algorithms that define the Sundberg rules is readily available 
(Friberg 1995) und will not be duplicated here. However for the purposes of discussion, a 
brief review of the Sundberg rules and their musical function will be provided. 
Depending on the sOllr<:e in the literature. different numbers of Sundberg rules, and indeed 
rules themselves are listed. Twenty rules are identified repeatedly in the literature, and are 
found to be disclIssed in different sources. For the purposes of this discussion, these 
twenty rules will be considered the principal set of Sundberg Performance Rules until the 
list is amended in further publications. The twenty performance rules are grouped into three 
general functional categories: 1. differentiation rules, 2. grouping rules and 3. ensemble 
rules (Sundberg 1992). It is suggested that the function of the differentiation rules is to 
assist the listener in identifying and experiencing specific notes or chords as more important 
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than others; that the function of the grouping rules is to assist the listener in grouping 
certain figures of notes together; that the function of the ensemble rules is to provide 
mechanisms for prioritising polyphonic voices and organising polyphony into a cohesive 
sound. 
The first functional category - differentiation rules - is further subdivided into two groups: 
the first sub-group operates on the duration of events and the second sub-group operates on 
pitch (intonation). 
The second functional category - grouping rules - is also further subdivided into two 
groups: the first sub-group operates at what is referred to as the micro-level and the second 
sub-group operates at what is referred to as the macro-level. The micro-level in the Director 
Musice.\· addresses the smaIl est units, usuaIIy consisting of a few notes, into which a given 
musical phrase can be: divided for the purposes of implementing musical expression. The 
macro-level in the Director Musices addresses the larger units of musical structure at the 
level of single phrases. It is worth noting that the Director Musices identifies the micro-
level structures and op~rates automatically on them. The macro-level structures - phrases-
must be indicated by the user when preparing music files for the Director Musices. 
The complete listing or the specific niles grouped according to their functional categories is 
as follows: 
D(fferentiation. Rules 
Alteration of Duration of Events 
1. Durational Contrast 
2. Double Duration 
Alteration of Pitch 
3. High Sharp 
4. High Loud 
5. Melodic Chan!e 
... 
6. Melodic Intonation 
Groupin.g Rules 
Micro-level 
7. Punctuation 
X. Leap Articulation 
9. Leap Tone Duration 
I O. Faster Uphill 
I 1. Inegales 
12. Repetition Articulation 
Macro-level 
13. Phrase 
14. Harmonic Charge 
15. Chromatic Charge 
16. Final Retard 
Ensemble Rilles 
17. Melodic Synchronisation 
I R. Bar Synchronisation 
19. Mixed Intonation 
20. Ham10nic Intonation 
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1.3.4 The effects of the Sundberg Performance Rules 
A short discussion of the effect of each rule follows. It must be understood that in the 
experiments based on the Director Musices, the implementation quantity of a given 
performance rule. i.e. the magnitude of the effect is determined by the user. Research has 
only begun to quantify the magnitude of effects that are desirable. What has been 
established is the existence of the rules and their effectiveness. It should also be mentioned 
here that the explanations given in the literature for many of the following rules are by no 
means complete and in some instances cryptic. An exhaustive search of the literature has in 
certain instances failed to reveal a clear or detailed explanation of the rationale or defence 
either for the creation or the use of a given perfonnance rule. 
D(fferentiation Rules - Alteration of Duration of Events 
1. Durational Contrast 
When two sequential notes are in the ratio 3: 1 or 2: 1 it has been observed that the shorter 
(second) note is frequently altered either by being shortened or lengthened (Gabrie1sson 
1987; Gabrielsson 1995). The Durational Contrast rule is therefore described as a musical 
function that either shortens or lengthens short notes in accordance with the observed 
tendency. The rule also reduces the volume of the short note if it is shortened and increases 
the volume of the short note if it is lengthened. Hence the Durational Contrast rule affects 
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two parameters, timing and volume. Whether to shorten or lengthen short notes is not 
established by the rule. The lIser must decide on the specific implementation of the rule and 
the quantity of the effect. 
2. Double Duration 
It has been observed that when two sequential notes are in the ratio 2:1, the shorter note is 
frequently lengthened and the longer note shortened (Henderson 1937; Gabrielsson 1987). 
This rule affects only lht! durations of the two sequential notes, rather than the duration and 
the volume of the short note as in Durational Contrast. The Double Duration rule appears to 
contradict in part the Durational Contrast rule. However the two rules are in fact not 
necessarily incompatible. Furthernlore it must be remembered that the implementation of 
the rules depends on the specific context. The context includes the style of the music, the 
period in which it was written and so forth. Hence it may be appropriate to use the 
Durational Contrast rule in French Baroque opera, and the Double Duration rule in Italian 
Verissimo opera. 
D(fferentiation Rilles -- Alteration (~f Pitch 
3. High Sharp 
It has been observed that in monophonic instrumental playing and in rising sequences of 
notes pitches tend to deviate upwards from equal temperament in proportion to the height of 
the pitch (Sundherg & Lindquist 1973). Thus the rule High Sharp is intended to affect only 
the pitches of notes. 
4. High Loud 
A similar rule to High Sharp is the High Loud rule. It has been observed that the volumes 
of some instruments _. notably the voice and brass - have tendencies to vary proportionally 
with the height of the pitch (Burghauser & Spelda 1971). In other words, a singer will find 
that pitches which are higher have a higher intensity and volume than lower pitches. It is 
suggested that this effect is desirable on all instruments (Friberg 1995). It is worth noting 
here that the sequencing package Sibelius 7 which is claimed to add musical expression to 
musical sequences uses this rule exclusively as the function to generate musical expression. 
It is interesting to note that the entire musical score composed by Naomi Shead and used in 
the B.B.C. documentary Astronauts was generated with the Sibelius 7. Hence the musical 
expression -limited to the high loud rule - manifested by the music accompanying the film 
was clearly deemed to h~ satisfactory for commercial purposes. 
5. Melodic Charge 
This rule is one of the rules which implements the Sundberg hypothesis regarding 
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emphasis of pitches aC<"'ording to their tonal relationship in the circle of fifths. More 
specifically, the hypothl!sis proposes that certain pitches in a monophonic or melodic 
Context are emphasised according to their distance around the circle of fifths from the tonal 
centre of the given musical moment. For example, given a B major chord as an underlying 
harmony, the note B as a melodic pitch is not considered unusual. However given a B 
major chord as an underlying harmony, the note F or C would be considered more 
remarkable, and hence would require a treatment in performance to highlight the 
significance of the note. 
There is independent research which suggests that certain pitches are performed differently 
according to the frequency of their occurrence in a given musical work (Krumhansl & 
Kessler 1982). It is suggested that pitches which occur infrequently are performed in a 
manner which is intended to emphasise the importance of the pitches (Sundberg 1993). In 
tonal music pitches which occur less frequently are pitches that when considered from the 
perspective of the cirde of fifths, are further from the given tonal centre of the musical 
work (Knopoff & Hutchinson 1983). 
Specifically the lllelodi<..~ charge functions by altering three parameters: the volume, the 
duration and when appropriate, the vibrato of pitches (clearly the vibrato will not be applied 
in the case of certain instruments). Depending on the position of a given pitch on the circle 
of fifths in relation to the tonal centre, the three parameters will either be increased or 
decreased from the mean. For example, given a tonal centre of G, the three parameters will 
be increased in relation to the distance from the tonal centre around the circle of fifths in the 
event that the pitch is one of the following: D, A, E, B, F# or C#. Given a tonal centre of G 
the three parameters wi 11 be decreased in the event that the pitch is one of the following: C, 
F, Bb, Eb, Ab. These alterations are in keeping with common practice among musicians 
(Sundberg 1993). 
6. Melodic: Intonation 
This rule affects only the parameter of pitch. Like the rule Melodic Charge, Melodic 
Intonation affects a pitch in relation to the root of the current implied harmony. However 
the relationship is not measured according to the distance around the circle of fifths, but 
according to the intervallic distance. The resultant effect may be likened with Pythagorean 
tuning. There are spedfic conditions however which have to be met for the rule to be 
applied. For a pitch to be uffected by Melodic Intonation it must be preceded and followed 
by other pitches rather than by a rest. Furthermore, the preceding pitch must not be a 
semitone below the pitc.:h in question, and the succeeding pitch must be a semitone above. 
The Melodic Intonation rule is not regarded as appropriate for anything but monophonic 
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music (Friberg 1995)_ There is evidence to suggest that in practice, this rule is commonly 
used among monophonic solo instrumentalists, such as violinists (Sundberg 1993). 
Grouping Rules - Micro-level 
7. Punctuation 
The Punctuation rule is a complex rule system unto itself that operates according to the 
results of a sub-set of rules consisting in total of fourteen inclusionary and exclusionary 
rules. Thus it may be regarded as a functional application of artificial intelligence 
procedures in musical perfornlance. The purpose of the Punctuation rule is to identify and 
mark the smallest groups of sequential tones in a given musical excerpt. It is suggested 
(Lerdahl & Jnckendoff 19R3) that music may be analysed in a manner which identifies 
small groups of sequenrial notes, usually from three to eight notes, that reflect the lowest 
level in a hierarchicnl analysis. It must be mentioned that there is strong disagreement 
regarding the direction of the hierarchy (Cook 1994) and therefore the significance of the 
small groups of tones. From the perspective of Cook the small groups of sequential notes 
may retlect the highest level in a hierarchical analysis. Regardless of the perspective, the 
importance of groupin~ small groups of sequential tones together finds wide endorsement 
in the literature. 
The function of the subsidiary inclusionary rules is to identify the tones that are to be 
grouped together. Conversely the function of the exclusionary rules is to limit the number 
of tones grouped together. Unfortunately the group of fourteen rules are not made explicit 
in any publication. rathel" it is made clear that they are protected by patent (Friberg et al 
1994). However some of the main principles are given (op cit). It is stated that the 
Punctuation rule alters the length of certain notes and alters the offset to onset time between 
notes. Hence it inserts micro-pauses between selected notes. As a result of analysis, the 
inclusionary rules will mtempt to insert a micro-pause after any tone that is the longest out 
of five sequential tones. A micro-pause may also be inserted after an appoggiatura, before a 
note that is preceded and followed by longer notes, and after a note that is followed by two 
or more notes of shoneI' and equal duration. The exclusionary rules will attempt to reduce 
or eliminate micro-pauses or alterations to selected notes when several rules interact to 
affect the same pitch. The micro-pauses may also be reduced or eliminated in the event of 
melodic step-wise motion. and after a sequence of very short notes. 
The Punctuation rule is in fact a combination of two other rules with several unnamed rules 
i.e. a!1 Accent rule and one form of the Leap Articulation rule together with several 
inclusionary and exclusionary rules. Although both the Accent rule and the Leap 
Articulation rule have been tested, it should be noted that the experimental work described 
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below is the first published research that examines the viability of the punctuation rule. 
8. Leap Articulation 
There are two fornls of Leap Articulation identified in the literature. Both fonns address 
themselves to highlighting the musical moment that exists between two sequential notes 
which are also separated by a melodic leap. A leap is considered to be any interval greater 
than a major second i.e. further apart than three contiguous pitches on the chromatic scale. 
The first f0l111 of the Leap Articulation rule inserts a micro-pause between the tones, hence 
it affects the relative lengths of the two pitches or more specifically, the offset to onset 
duration between the I\VO tones. The second form of the Leap Articulation rule affects the 
levels of the envelope between the two notes by inserting a reduction in the envelope levels. 
It is suggested in the literature that the second form of the Leap Articulation rule is 
particularly appropriate for instruments that produce a continuous sound as opposed to 
percussive or plucked instruments. 
9. Leap Tone Duration 
The Leap Tone Duration rule affects only the first and second notes in an ascending or 
descending melodic leap with the condition that the preceding and succeeding intervals 
proceed in stepwise motion (stepwise motion is any interval less than a minor third). This 
rule functions differently in ascending and descending leaps. In ascending leaps the Leap 
Tone Duration rule functions by shortening the first note of the leap and lengthening the 
second note in the leap. In the case of a descending leap the rule reverses the process by 
lengthening the first note of the leap and shortening the second note. Hence the only 
parameter affe(.~ted by this rule is the duration of notes. 
10. Faster Uphill 
The Faster Uphill ruk also affects only the parameter of duration. It functions by 
shortening any note that is preceded by a lower note and followed by a higher note. It will 
also shorten any note that is the first note in a series of ascending intervals. A series of 
ascending intervals is any sequence of two or more ascending intervals. All notes that are 
selected by the rule to be shortened are shortened by a fixed amount, i.e. 2 ms, multiplied 
by the quantity given by the lIser. Evidence indicates that this rule has the effect of "gluing" 
tones together (S undberg 1992:31). 
11. Inegales 
The Inegales rule affects only the parameter of duration and it is implemented only in a 4/4 
time signature. The function is to lengthen all eighth-notes that occur on a strong beat and 
to shorten all eighth-notes that occur on a weak beat. To be more specific, the first, third, 
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fifth and seventh eighth-notes in every bar will be lengthened, and the second, fourth, sixth 
and eighth eighth-notes in every bar will be shortened. It seems that the preferred quantity 
of implementation for this rule occurs when the ratio between sequential eighth-notes is in 
the region of 2.33: 1 (Friberg 1994). 
The Inegales rule represents a curious bridge by a performance technique between Baroque 
music and modern Jazz music. Furthermore it is interesting to note that there is a large 
literature on the Baroque phenomenon but although the Jazz technique is common practice, 
there seems to be little reliable evidence in the literature to substantiate the Jazz practice. 
12. Repetition A nk-ulation 
Similarly to the Leap Articulation rule, the Repetition Articulation rule affects the time 
between the offset ancl onset of two sequential notes. However in the instance of the 
Repetition Articulation rule, the two sequential notes must be the same pitch and it will 
affect all instances of repeated notes equally. Again similarly to the Leap Articulation rule, 
the Repetition Articulation rule has two forms. The first form alters the envelope between 
repeated notes and the second form inserts a micro-pause between repeated notes. One 
significant differenc..'e b~tween the Leap Articulation mle and the Repetition Articulation rule 
in their function is ~tS follows: the Repetition Articulation rule will not affect the timing 
between the onsets of the repeated notes whereas the Leap Articulation may alter the inter-
onset durations. It should be mentioned that in the Director Musices program Friberg 
chose to implement the forms of the Leap Articulation mle and the Repetition Articulation 
rule that function by inselling a micro-pause between notes. 
GmupiJw Rilles - Macro-level 
13. Phrase 
There are two forms or this rule. The first affects the volume of all notes within a phrase as 
well as the durations of the notes. The second form of Phrase affects the durations of all 
notes that are at the end of either a sub-phrase or a phrase. 
The effect of the first 1'01111 of the Phrase rule is to create the impression of musical arches. 
The music speeds up and gets louder toward the middle of the phrase and then once past 
the middle, slows down and gets softer. The effect of the second form of the Phrase rule is 
.... 
to lengthen the final note of a phrase and insert a micro-pause after the lengthened note. If it 
is a sub-phrase (a small phrase within a phrase), then the lengthening of the note will be 
less, and the micro-pause shorter than in the case of a note at the end of a phrase. Though 
seemingly arbitrary, there is indeed evidence for this relatively simple approach to phrasing 
(Bengtsson & Gabrielsson 1983). 
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Neither phrase rule is similar to the Punctuation rule which is able to group notes 
appropriately through the use of inclusionary and exclusionary rules. The phrase rules 
currently have no sllch ability to define their contextual implementation though further 
research may well provide the ability. Currently the identification of phrases must be done 
by the user. In the Director Musices implementation of the phrase rules, for the phrase 
rules to function, the user must enter appropriate indications in the text file which is then 
converted to MIDI messages. It should be mentioned that the implementation of the first 
form of the Phrase rule in the Director Musices includes the flexibility to alter several 
parameters of the phrase including the point at which the phrase begins to slow down, the 
shape of the arch, the amount by which the last note is lengthened and other factors. Thus 
in implementation the Sundberg phrase rule is seen to include in this instance a number of 
subsidiary factors which when combined together appropriately, affect the performance of 
music in a manner which an auditor would describe as phrasing. 
14. Harmonic Charge 
The Hannonic Charge rule functions in exactly the same manner as the Melodic Charge rule 
presented above. The difference between the two rules is that the Harmonic Charge is 
homophonic and polyphonic, hence it alters chords and harmonies instead of single notes. 
It will be recalled that the 'charge' of a note or in this case a harmony is calculated on the 
basis of the distance around the circle of fifths from the root harmony. Clearly this rule is 
not considered appropriate for music that is not tonal. 
Specifically the Harmonic: Charge rule adjusts the volume, length and when appropriate, 
the vibrato of chords. It is interesting to note that there is much precedence for this rule in 
music literatllre~ ther~' me very early examples of highlighting harmonic progressions 
through dynamic..' alt~rations. The well known pedagogue Quantz published flute music 
with careful dynamk markings through the whole figured bass and, in most measures, 
several markings to the measure (Quantz 1752). Furthennore there are countless examples 
from later periods in music literature where significant harmonic changes are supported 
with dynamic changes marked in the score. For example in Schubert's Der Neugierige the 
importance of the resolution to the only augmented sixth chord in the work is indicated 
clearly with a pianissimo in the score. 
15. Chromatic Charge 
.... 
The Chromatic Charg~ rule affects the duration and volume of tones. The procedure 
followed by the Chromatic Charge rule is as follows: starting from the first note of a 
musical work, it will count five notes and calculate the average interval. Then starting from 
the second note it will count five notes and calculate the average interval. Once all the 
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average intervals are l~alculated, a level of significance is associated with each interval and 
the volumes and durations of all tones adjusted accordingly. The principle of the Chromatic 
Charge is to increase the volume and duration of tones when a small interval is calculated 
and to decrease the volume and duration of tones when a large interval is calculated. The 
effect is that tones which are close to each other in atonal music are emphasised and tones 
which are further apart from each other are de-emphasized. 
In the disc.~ussions regarding the Chromatic Charge ntle found in the literature, the rationale 
given for the func.~tionality of the Chromatic Charge rule may be supplemented with an 
additi0rtal hypothesis. The explanation given in the literature for the functionality of the 
Chromatic Charge rule will be outlined here first, and then an additional explanation will be 
proposed. 
It is indicated in the literature that the Chromatic Charge rule is the reverse of the Harmonic 
Charge rule. It is also indicated that the use of the Chromatic Charge rule in tonal music is 
not particularly sll{.'ccssful. It is stated that one possible explanation may be that atonal 
music commonly has 1llc!lodic lines with wide intervals and hence areas of the melodic line 
with small intervals are rare and therefore to be emphasised (Friberg 1995:20). Hence 
Friberg effectively suggests that the reason for the functionality of the Chromatic Charge 
rule is due to the fundamental principle which demands that unusual events should be 
emphasised and underscored. However this author submits that another explanation based 
on the principles expounded as part of the Gestalt theories provides an alternative reason 
for the functionality of the Chromatic Charge rule. 
The Gestalt theory holds that perception is commonly of an organized whole unit, usually 
independently and prior to the perception of the parts and components of the unit. Hence 
perception is held to bt, more than the sum of sensations (Meyer 1979). Music is frequently 
used as an example of the functionality of the Gestalt theory. A folk song is recognizable 
regardless of the key in which it is sung. Hence the individual pitches in the folk song 
melody are irrelevant outside of their relationship to the other pitches in the melody. Thus 
the melody as a whole is what distinguishes it as a particular song, rather than the 
individual pitches. It is further hypothesised that the Gestalt theory may be specifically 
applicable to musical phrases in tonal music (Sundberg 1992). Successful melodic lines, 
Le. tones that are grouped into a single gestalt by a listener, are commonly seen to have a 
high percentage of tones that are close to each other in pitch and rhythm. The Gestalt theory 
also describes the conditions which are commonly met when items are grouped together 
into sets. For exampk two of the fundamental principles are Similarity and Proximity. 
Given a pencil ~Ind H pen laying side by side on a desk with various other paraphernalia 
Rule-based computcr-gcnerated musical expression 27 
scattered around. one is likely to group the pen and pencil together into the set or class of 
writing implements. Given another desk with two neatly sorted piles, one of pencils and 
the other of pens. in the context of the entire room one may still regard the two piles as a 
single set of writing implements. But the proximity and similarity of the individual units, 
i.e. pens and pencils within the set into which they are sorted will be perceived through 
categorical perception. In the moment of cognition they will be regarded as two distinct 
sets, one of pencils and one of pens. Of course, individually both the law of Proximity and 
the law of Similarity are very strong. A large pile of junk in the middle of a room is still 
regarded as a single large pile -law of proximity. The borders of a field that has a thousand 
children's crayons scattered throughout is easily defined as the area where crayons may be 
found -law of similarity. 
It is maintained that it is in the nature of humans to approach cognition through categorical 
perception (Pastore I<JX7). Given the generality of the human tendency, though not yet 
researched in depth. it is submitted that the tendency will be equally valid in the context of 
musical cognition. Therefore the tendency will be for humans to cognate an acoustic 
stimulus first by seeking to divide and categorise the incoming signal. By emphasising 
tones that are near to each other in terms of the intervallic distance, the Chromatic Charge 
rule assists the categorical perception of musical features. Atonal music does not provide 
listeners with many of the most salient ubiquitous features in tonal music, the standard and 
familiar sources of tension and resolution, of musical structure and musical expression. 
Hence it follows that many listeners may have difficulty distinguishing features in atonal 
music which represent musical structures and would be sources of musical tension and 
resolution. to wit - tones that are in close intervallic proximity to each other. In atonal 
music, tones which lie in close proximity to each other may in effect emulate what is 
common and unremarkable in tonal music. But through the effective emulation of a prosaic 
feature in tonal music. sequential tones of small intervals in atonal music may provide most 
listeners with a featun: of some familiarity and a source for categorical perception in an 
otherwise opaque wash of sound. 
Therefore the author suggests that the Chromatic Charge rule is functional because of the 
Gestalt laws. In other words, the author submits that the Chromatic Charge rule assists the 
categorical perception of atonal music by emphasising aspects which are similar and in 
close proximity. 
16. Final Retard 
The Final Retard rule affects only the duration of notes at the end of a musical work. There 
seems to be some evid.ence that suggests a similarity in the timing of a final retard and the 
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timing associated with the physical motion of a human runner coming to a standstill 
(Kronman & Sundberg 1987). Apparently both may be described by a square-root function 
of nominal time. The final retard rule, perhaps more than any other, is able to demonstrate 
convincingly how ridiculous music can sound when the function of a rule is reversed. 
Ensemble Rules 
The purpose of the two rules Melodic Synchronisation and Bar Synchronisation is to 
address issues related to the synchronisation of polyphony. By way of example, in 
polyphonic unaccompanied choral music the problem arises regarding the establishment of 
a rhythmic leader. Simply put the question is: who follows whom and what is the best way 
for them to be foHowed? The human difficulty is clear and the rules described below may 
be regarded as solutions. or partial approaches to a solution of the human difficulty. 
However what may not be clear is the effectiveness of testing the theoretical solutions with 
.' ~ 
a MIDI-based, romputer-controlled system. The source for generating all music discussed 
in the literature is a computer-controlled MIDI system. The music is generated through the 
standard procedure of ,,'onrrolling a flow of MIDI messages from a computer data-base. In 
the literature it is app.lrt:nt that the musical compositions are defined by a text file which is 
itself read by the DirecTOr Mltsices program. Within the limitations of a MIDI serial bus, all 
. . 
notes that are indicated in a text file as occurring at the same time will generally begm 
sounding within a tim\! span that is smaller than the time span normally associated with live 
musicians. Hen,,'\! sym:hrony of simple polyphonic music is not commonly a problem with 
MIDI controlled systems. It is suggested in the literature that large-scale, complex 
polyphonic material.may be affected by the limitations of the MIDI serial bus - it can be 
overloaded with too many nominally simultaneous messages (Moore 1988). But it is clear 
from the literature that the music used in all the experiments investigating performance rules 
would by no means fall into the category of generating too many MIDI messages. The rule 
based solutions to achieve synchrony are in no way related to issues regarding bus speeds 
or conclJn'ency in data processing. Hence one fundamental issue may remain unclear: how 
are the ensemble rules shown to improve the quality of a given performance, unless the 
polyphonic music is specifically programmed to sound uncoordinated and unsynchronised? 
The answer is related to the co-ordination of musical expression between several 
monophoniL~ instrum~llts. The purpose of the ensemble rules is not to synchronise the 
performance of tones written in a score, or transcribed in a text file. Rather the function of 
the ensemble rules is to synchronise the expressive musical performances of polyphonic 
music. For example. given fOllr independent monophonic instruments and performers in a 
string quartet, all pert'onning expressively, there is no guarantee that when one performer 
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slows down for an expn:ssive fermata, another perfomler won't speed up for an expressive 
rubato. Hence it is clear that the performers have a method of co-ordinating their musical 
expression. The ensemble rules emulate the methods lIsed by musicians to co-ordinate the 
musical expression they apply to their individual monophonic lines of music. Thus the 
ensemble rules are coordinating rules, intended to unify the applications of rule-based 
expression in polyphonic music. 
17. Melodic Synchronisation 
The Melodic Synchronisation rule affects only the duration of notes. It functions in the 
fOllowing manner: given a polyphonic score, the Melodic Synchronisation rule creates a 
new monophonic voice. The new voice uses all the notes from all the other voices to 
compose a single line that contains all the note onsets in the score. Where two or more 
notes occur at the same time in the original score, the tone with a higher melodic charge is 
selected for the new voice. Once the new voice is created in this manner, any rules that 
have been implemented which affect the duration of notes are applied to the newly created 
voice. The new durations are then llsed as a template for the durations of all the other 
voices. 
It should be noted that ~IS the rule currently stands, it will not function well in the presence 
of polyrhythms. Furth~r research is required to assist the effective implementation of this 
rule, perhaps with subrules such as the Bar Synchronisation rule, with the identification 
and proper treatment of polyrhythms. 
18. Bar Synchronisation 
The Bar Synchronisation rule is a simple approach to synchrony that is particularly useful 
for resolving the diffkllities that arise when attempting to synchronise polyrhythms. 
Similarly to the Melodic Synchronisation rule, the Bar Synchronisation rule only affects the 
duration of notes. It functions by first identifying the voice in a selected measure that has 
the greatest number of notes. The duration required to perform the measure of the selected 
voice is calculated. The detemlined duration is then used as a guide to proportionally alter 
all the other voices. 
It is clear that this rule will generate a relatively perfect synchronisation of polyrhythms. 
What is not discussed in the literature is the extent to which a perfect synchrony is 
desirable. It is submitted thut further research may indicate that other more subtle and 
probably complex approadles to the treatment of polyrhythms may generate performances 
that nre consider~d Jl1on: expressive and musically effective. 
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19 and 20_ Mixed Intonation and Harmonic Intonation 
The rule Harmonic Intonation is not described separately because it is considered a rule to 
be applied in conjunction with the Melodic Intonation rule. The Mixed Intonation rule 
melds the functions of these two other rules. Hence in conjunction with the Melodic 
Intonation rule descrihed above, the Harmonic Intonation rule is applied. Harmonic 
intonation, similarly to Melodic Intonation, affects only the pitch of a note. The Hannonic 
Intonation rule functions by adjusting simultaneous notes so that the interactions of the 
harmonics are as free of beats as possible. The Mixed Intonation rule functions by applying 
the Melodic Intonation rule at the beginning of notes, and then progressively implementing 
the Harmonic Intonation rule. Hence the overall effect of the Mixed Intonation rule is to 
adjust the envelope of pitches. 
1.4 Existing investigations of performance rules 
1.4.1 Introduction 
The objective of the following review is to provide a critical summary of extant 
experimental work on paformance rules for computer-generated music. It identifies any 
aspects of the experiments which reveal inconsistencies and/or incomplete reporting. 
Primarily the foclIs is on experiments involving the method of analysis-by-synthesis that 
examine and/or test on~ or several performance rules. In addition experiments in which 
perfomlance rules oe\.'ur for other reasons are reviewed, Of necessity, the review will 
concentrate on research surrounding the perfomlance rules developed at the KTH and 
referred to as the Sundberg Performance Rules. It is necessary to concentrate on this 
particular group of ruil!s because no other systematic study has been performed to develop 
perfomlance rules through the method of analysis-by-synthesis. In particular, three 
relatively recent experiments are discussed in detail. They are considered representative of 
the experiments found in the literature. It will be shown that a number of issues have not 
yet been addressed in published experimental work. The necessity to address these issues 
will be presented and hence the need for the experimental work at the heart of this 
dissertation will be revealed, 
1.4.2 Peljorm{ll1ce Rules for Computer-Controlled Contemporary Keyboard 
Music 
In the article Peljtmnallce Rules/or Computer-Controlled Contemporary Keyboard Music 
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(Friberg et :11 1991), all experiment based on preference is described in which eight of the 
Sundberg Performanc~ Rules were tested on five subjects using seven musical excerpts. 
Founded on the experimentally derived evidence which suggested that the rules were 
appropriate for tonal music, the purpose of the experiment was to test the effectiveness of 
the rules in non-tonal music. 
Two instrumental sounds, a piano-type sound and a sound totally unrelated to acoustic 
instruments were used. Three of the musical excerpts used were extracted from works of 
contemporary piano compositions and the remaining musical excerpts were computer-
generated compositions based on random functions. The three excerpts drawn from 
contemporary piano compositions consisted respectively of: 1. the first eight measures of 
the Piano Sonata by Boulez; 2. an unspecified excerpt from the Third piano variation op. 
27 by Webern; 3. an unspecified excerpt from Herma by Xenakis. It seems that all three 
extracts from contemporary piano compositions were arranged and processed as music 
written for two voices. The remaining excerpts were monophonic and composed 
specifically for lise in tilt: experiments. 
The eight rules used in the experiment were: 1. The shorter the shorter, 2. The shorter the 
softer, 3. Double Duration. 4. Faster Uphill, 5. Leap Articulation, 6. Chromatic Charge, 7. 
Social Duration. 8. SYlll~hronisation of voices. The eight rules were implemented at one of 
three different levels depending on the musical extract. All three levels of implementation 
were considered to be much greater than the levels commonly used in tonal music. Once 
processed, the excerpts were recorded to tape in pairs. Each pair consisted of a processed 
and unprocessed version of the same excerpt. The ordering of the pairs and the order 
within the pairs was randomised. The subjects were asked to indicate their preference for 
one of the two musical excerpts in each pair. It will be noted that the terminology used in 
the publication to identify some of the rules differs from that described above. This 
inconsistency oc(.~urs frequently in the literature - it appears that different names are used to 
refer to rules that are the same. The results of the tests indicated that there was a strong and 
consistent preference for the performances which had been processed with rules. In 
previous experiments using tonal music the same levels of preference had been 
demonstrated. Hence it was also concluded that mles which function in tonal music might 
also be used in non-tonal music. 
There are a number of facts not provided in the report and hence issues that arise which 
must be addressed for it to be possible to replicate the experimental work. With regard to 
the levels set for the three implementations of the mles: 
• There is no clarification given for creating three different levels of implementation 
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for the performanc:e rules other than the indication that the excerpts seemed to 
warrant different treatments_ 
• An explanation of the association between a specific implementation level of the 
performance ruks and a given excerpt is not provided. 
• Neither the method for determining the three implementations, nor the method for 
detemlining the specific levels of the performance rules within each implementation 
is given. This may suggest that the specific levels of rule implementation were not 
experimentally determined. Perhaps the levels were based on the subjective 
experience and knowledge of the experimenter. 
• It is stated that the levels of the rules implementations were greater than the levels 
used in traditional music, but the reason for using higher levels in the experiment is 
nor given. Possihle explanations for the necessity of heightened levels are submitted 
in the discllssion, but no justification for this adjustment is provided in the 
experimental design. 
• The specific implementation levels of the performance rules used in the experiment 
are not given. 
Other issues that are not clearly explained are as follows: 
• The number of iterations for each pair is not given. 
• The number of excerpts actually used is not completely clear. In one part of the 
article, seven excerpts are mentioned and in two other places a reference is made to 
nine excerpts. 
• The length in time of each excerpt not given. 
• The length of time between each pair of excerpts, or between each excerpt in a pair 
is also not given. 
• Though it is slated that the pairs of excerpts were randomised, the reader must 
assume that pairs of the same excerpts did not follow each other. 
• A func:tional definition of the terms 'professional' and 'composer' to qualify the 
selected listeners as subjects is not given. 
• The listening environment and equipment used in the trial is not given. 
• From the results of this experiment, no generalisation about the quantification of 
implementation levels in non-tonal musical excerpts can be made for the rules tested 
herein bec:ause no quantities were specified. 
• The qualities of each excerpt that made them particularly appropriate to reveal the 
effect of a given rule are not specified. 
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1.4.3 Threshold lind Preference Quantities of Rules for Music Performance 
- the first experiment 
In the article Threshnld and Preference Quantities of Rules for Music Performance 
(Sundberg et al 1991), two experiments are presented and the results discussed. The 
purpose of the first experiment, though not stated anywhere outside the abstract of the 
paper, seems to have been to determine whether a difference can be shown to exist between 
the sensitivity of musically trained and the sensitivity of musically untrained subjects to 
given musical stimuli by determining the perceptual thresholds of the subjects. 
Th~ method used was a paired comparison test of excerpts recorded to tape. In other 
words, excerpts were ri:'corded to tape in pairs, the subjects listened to the tape and the 
subjects were required to state whether a difference existed between the pairs of excerpts. 
Seven perfom1ance rules were used with a different musical excerpt for each rule in order 
to maximise the response of the excerpt to the effect of the performance rule. Nine pairs of 
excerpts were created to test each rule and each set of nine excerpts was repeated twice. 
One of the pairs of excerpts, the first one to be heard in every case, always included a level 
of performance rule implementation that was extreme and relatively obvious. Two other 
pairs of excerpts, ranclomised in the set of nine, always included a level of performance 
rule implementation that was at or near the common default level, given as 1. All other pairs 
of excerpts included levels of performance rule implementations that were less than the 
common default level. The method of the experiment seems to have been carefully planned 
and attention given to details of randomisation, occurrence and repetition of critical stimuli, 
and timing of events. 
The analysis of the results suggests that the responses given by the musically trained 
subjects contained 17 clr more false responses when judging the pair of excerpts that was 
unprocessed, i.e. wht:n both excerpts in the pair were the same, than the musically 
untrained subje,cts. Though an actual figure is not given, it is stated that overall the 
musically untrained subjects had a much higher percentage of false judgments than the 
musically trained sub.i~c.·ts. and that the difference between the two subject groups is much 
greater than 17clc . 
... 
The conclusion made is that a difference does exist between musically trained and musically 
untrained subjects in their sensitivity to very subtle alterations to a given musical excerpt. In 
the discussion, the following argument is presented: if the performance rules used were in 
fact arbitrary alterations in timing of events and dynamics, then the musically trained 
subjects would have probably had only an insignificant advantage over the musically 
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untrained subjects in this kind of a threshold test. It is argued in the discussion that because 
there was a significant difference in the responses of the musically trained and musically 
untrained subjects, it follows that the performance rules implemented in this experiment 
must be musically relevant and appropriate. Thus a link is claimed to exist between the 
sensitivity of the musically tmined subjects and the validity of the performance rules. It also 
follows that sensitivity 10 pertormance rules may be enhanced through musical training. 
Critical anal~'sis 
Though a relationship is claimed between the sensitivity of musically trained 
subjects and the validity of the performance rules, in fact the experiment may at best 
only suggest the relationship. The reverse may also be argued: it may also be 
suggested that musically trained subjects are highly sensitised to any alterations 
made to the performance of a musical excerpt, whether or not the alterations are 
desirable. Thus it may be suggested that musically trained subjects are taught to 
perceive. cognate and correct errors in the perfomlance of music, and may therefore 
have an even greater sensitivity to undesirable distortions than desirable distortions 
in the performance of music. Therefore the sensitivity demonstrated by the 
musically trained subjects in this experiment may possibly be equally a reflection of 
the musical invalidity of the performance rules as a reflection of their validity. It is 
submitted that only the first conclusion given in the discussion, i.e. that musically 
trained subje<.:ts were shown to be more sensitive to subtle alterations in the 
perfomlance of a musical excerpt, may be reliably made. It is further submitted that 
no relationship Illay be reliably argued to exist between the sensitivity of musically 
trained subjects and the relevance of the perfomlance niles. 
One approach to test the hypothesis that the given experimental method and design 
could or could not reveal a relationship as described above may be as follows: it is 
suggested that a complete second set of paired excerpts should be created. The 
second set should only include processing that is clearly musically undesirable and 
then could be incorporated into the original set of paired excerpts. If musically 
trained subjects then clearly revealed a heightened sensitivity to the sets of wrongly 
processed pairs of excerpts over the sets of pairs processed with the performance 
rules, then it might be suggested that the sets of pairs processed with the 
performanl'e rules sound more natural to a trained ear, and hence are not as 
distinguishable as the wrongly processed sets when the effects of the processing are 
reduced to rninimallevels. Furthermore, it will suggest that this experimental design 
and methodology can indeed provide a justification for the validity of the 
pert'ormance rll ks. 
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Should the responses of the musically trained subjects indicate no difference in 
sensitivity to excerpts processed with performance rules and excerpts processed in 
an arbitrary and non-musical fashion, then it will indicate that this experimental 
method and design cannot provide a justification for the validity of the performance 
rules. The possibility that musically trained subjects will demonstrate a higher 
sensitivity to the sets of excerpts processed with performance rules than to sets of 
excerpts processed arbitrarily and non-musically is not considered to be probable. 
However in the event that it occurs, it is submitted that it will also justify the 
validity of the performance rules, as well as the design and method of this 
experiment. 
• There was only one pair of excerpts for each rule wherein the level of rule 
implementation was the same. In every case, the quantity of implementation was 
zero. There were two complete iterations of all sets which indicates the subjects had 
a total of fourteen opportunities to hear pairs of stimuli that were processed in 
exactly the same fashion. It will be recalled that the pairs of stimuli were different 
musical exc.:erpts. that there were seven musical excerpts which indicates only two 
duplicate pairs. Though a statistical analysis is provided of the number of false 
judgments for the stimulus pairs wherein the excerpts were the same, it is submitted 
that the results of the statistical analysis may be weak because the number of 
iterations and hem.'e data points may be too few to provide a strong and therefore 
reliable indication of tendencies. 
• It should be: possible to replicate an experiment based on the information 
published. Given the infornlation available in the published article, it would not be 
possible to replicate the experiment. The following points would need to be clarified 
to enable a duplication of the experiment. 
• It is not clear if the implemented levels of the performance rules 
were established according to a scale of single units or according to 
arbitrary levels of implementation. 
• A functional definition of the term 'professional top-level music 
student' to qualify the selection of subjects is not given. It is 
submitted that a contradiction in terms may be seen to be present by 
conjoining the terms 'professional' and 'student'. 
• A functional definition of the term 'nonmusician' to qualify the 
selection of the remaining subjects is also not given. 
• It is stall:d that the musical excerpts were selected according to their 
ability to reveal the effect of a given rule. Unfortunately the qualities 
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of each excerpt that made them particularly appropriate to reveal the 
effect of a given rule are not specified. 
• The actual quantities of the levels implemented are not given. 
• It is not clear if the repetition of the nine pairs of excerpts was an 
exact duplicate of the first iteration of nine pairs. 
• It is not clear if the repetition of each set of nine pairs of excerpts 
was also randomised, or if the repetition of each set of nine pairs of 
excerpts followed immediately after the first iteration. 
• The results are not clearly presented. There is no presentation of 
the actual data points. There is no discussion of the incidence of 
responses in which a subject judged a pair to be the same when in 
fact they were different. 
1.4.4 Threshold alld Preference Quantities of Rules for Music Performance 
- the second experiment 
The purpose of the second experiment was to determine experimentally the preferred 
quantities of implementation for the performance rules used in the first experiment. Six 
performan(.~e rules were assigned to six musical excerpts respectively. Each rule was tested 
on only one musical excerpt, and only one rule was applied to each musical excerpt. Five 
'professional' musicians were used as subjects. Subjects were tested in one trial 
independently of all other subjects. Each subject had an opportunity to manipulate the level 
of implementation of a given performance rule and listen to the result of altering the level. 
The subjects were pel1nitted to alter the levels as often as they wished until they declared 
that they were satistied with their implementation level. The subjects determined a preferred 
level of implementation for each performance rule three times. In other words, the subjects 
worked with each ruk and excerpt three times. It should be mentioned that the graphic 
display used as the interface to set the levels of perfom1ance rule implementation was 
designed so that it never appeared in the same place on the computer monitor for different 
ex(.~erpts. In addition, the given visual scale was altered for each excerpt. Hence it was not 
possible for subjects lU dlOose a given performance rule implementation based on a given 
location on the monitor or on the graphic scale displayed. 
A careful analysis of the results is provided in the text. In general the results indicate that a 
consensus is reached hy the subjects, that five of the six rules are generally accepted and 
are set at levels near to and/or slightly below common threshold levels. The levels set are 
also near to the default levels assumed to be valid. One of the rules seems to be rejected by 
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the subjects, but the explanation given is based on the excerpt of music chosen. The 
experimental software used implements the performance rules across the whole of a given 
excerpt. It cannot be made selective in order to operate on only portions of a given excerpt. 
It is suggested that the excerpt in question had portions where the implementation of the 
given rule was objectionable though in other parts of the excerpt the effect of the rule may 
have been desirable. The high number of iterations made before each subject chose a final 
level may reflect the subjects' desire to implement the rule, but also reflect their frustration 
at the undesirable effect the performance rule had on portions of the excerpt that the 
subjects were not addressing. 
Critical Analysis 
• In this experiment, only one rule was adjusted for each musical excerpt. It is 
stated in a number of places in the literature, as well as in this experiment, that the 
desired implementation of a rule will be greater if the rule is adjusted by itself and in 
conjunction with the implementation of no other rules. Hence it is submitted that the 
preferred quantities deternlined through this experimental method are not reliable for 
circumstanc,'es when more than one performance rule is implemented. 
• A functional definition of the term 'professional' to qualify the selection of 
subjects is not given. In this experiment, this point is particularly relevant. The 
musically trained subjects in this second experiment, described as highly 
experienced professionals, preferred quantities that would have been imperceptible 
to 20% of the musically trained and 70% of the musically untrained subjects in the 
first experiment A number of possible explanations are given for this fact, but there 
is no comment made on the difference in musical skills between the musically 
trained subjects from both experiments. Since the musically trained subjects in the 
first experiment were described as students, it is assumed that their experience and 
knowledge is not as great as the musically trained subjects in the second 
experiment. Furthermore, given the first point regarding the tendency to exaggerate 
the implementation of a rule when it is alone, one may perhaps assume that given 
the possibility to implement several rules at the same time, the subjects in the 
second experiment would have preferred levels of implementation that were even 
less than those given. These lesser levels would clearly have been perceptible to 
even fewer subjects from the first experiment. 
The significance of this situation is not addressed in the report of this experiment. 
To address it properly, it is clear that the hypothetical situation thus described 
would have to he tested in experimental work before it was possible to search for 
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explanations. However a clear definition and consistent consideration of musical 
training and experience as factors between experiments would greatly enhance the 
reliability of comp~rrisons between experiments. 
• The qualities of each excerpt that made them particularly appropriate to reveal the 
effect of a given rule are not specified. This point is particularly salient because one 
of the rules was rejected by the subjects. The reason given for the rejection is based 
on the nature of the excerpt as explained above. Here in particular it is submitted 
that given the excerpts are said to be selected because of their effectiveness in 
responding to a specific performance rule, it would be important to identify the 
features which were used for the selection. 
• It is stated that "it would be difficult to use non·musicians as subjects" in this 
experiment but a direct reason for this statement is not given. It is assumed that 
given the results of the first experiment, i.e. that musically trained subjects were 
seen to exhibit a greater sensitivity to alterations in musical performance than 
musically untrained subjects, that untrained subjects would not provide desirable 
results. However it is submitted that one cannot reject, a priori, the merit of using 
musically untrained subjects to determine preferential settings of performance rules. 
It is stated in the literature that these performance rules are endemic to musical 
performance style, and fundamental, universal devices for communicating musical 
structure. It is submitted that musically untrained subjects may not be able to 
identify a preferred level of implementation as quickly as highly musically trained 
subjects. But given enough time, in other words allowing for a training effect, it is 
suggested that Jl1usically untrained subjects will ultimately produce preferences that 
are close to. if not the same as the highly musically trained subjects. 
It is further suggested that given the same experimental design, method and 
procedure. Jl1l1sk~ally untrained subjects may generate results which reveal a greater 
discrepancy between the preferred levels in the first iteration of excerpts and the 
third iteration of excerpts. The discrepancy would probably be indicated by a 
relatively high level of performance rule implementation in the first iteration of 
excerpts progressing to low levels of implementation similar to the results of the 
highly musically trained subjects. In other words, whereas musically trained 
subjects show consistency between iterations, it is submitted that musically 
untrained sub.i~cts will show less consistency between iterations. 
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• It is stated that one may assume the preferred levels for implementing the 
performance rules to be the same regardless of the musical excerpt. Though this 
may be true, there is no experimental evidence to sustain this hypothesis. Quite the 
contrary - if the argument provided as an explanation for the rejection of one rule is 
true, then clearly not every performance rule, as they are implemented in the 
experimental software, can be equally applied to every musical excerpt. 
• It is assumed that the sequence of excerpts given to the subjects was randomised 
in a manner so that no two successive excerpts were the same. 
1.4.5 Just noticeable difference in duration, pitch and sound level in a 
musical context 
In the article .lust nOliceahle d~fference in duration, pitch and sound level in a musical 
comext (Friberg & Sundberg 1994) a report is given on the JND (Just Noticeable 
Difference) of five performance rules. The five performance rules chosen for the 
experiment were I. Mdodic intonation, 2. Chromatic charge, 3. Durational contrast, 4. 
Double duration. 5. 11l~~ales. 
An explanmioll of the compound term 'Just Noticeable Difference' is as follows: JND is 
also referred to as the D.L. (Differenz Limen - 'Differenz' is German for 'difference' and 
'Limen' is Latin for 'threshold'). It is usually measured by comparing a variable stimulus 
~ith a Constant Standard Stimulus (CSS). Given a CSS, one can usually compare it with 
one of two stimuli. Ollt.· that is lesser than the CSS and one that is greater than the CSS. As 
a result of the comp'lrison with the two stimuli, one will commonly detennine two 
thresholds, an upper and a lower threshold. Each of the two thresholds are referred to as 
the threshold of .J ust Noticeable Difference. The JND thresholds mark the upper and lower 
limits of an Interval of Uncertainty (lU). Thus the IU commonly has two values of JNDs 
(Kling & Riggs 1972). 
The experiment was set lip as a forced three-choice design. Each stimulus consisted of 
three performances of a short musical excerpt. One of the performances, selected at 
random. was process(.'c\ with a given performance rule and the other two performances 
remained lInproL't:ssl:d. The subject was required to identify which of the three 
performances differed from the other two. Depending on the accuracy of the subject's 
response, the implementation quantity of the performance rule applied to one of the 
versions performed in the subsequent stimulus was either halved or doubled (though not 
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indicated in the text. it is assumed that the trials for each perfomlance rule and excerpt were 
always staned with an implementation level of performance rules that would clearly and 
obviously distinguish the processed version of the excerpt from the unprocessed versions. 
It follows then that at the outset of the trials, the subjects would have correctly isolated the 
processed version from the unprocessed versions). Ultimately, note was taken of the first 
stimulus when the subject's response was incorrect, five more changes of direction (from 
right to wrong, or wrong to right) were counted and the trial for the performance rule in 
question then terminated. The value for the JND was then determined by calculating the 
mean value of all perf0I111anCe rule implementation levels starting from the first change of 
direction. In the results and discussion the actual figures for the JNDs of the five rules are 
given as follows: 
Melodic intonation 42 cent 
Chromatic charge 4.6 dB and 3.1 % dur 
Durational c.~onlrast 4.7 %dur 
Double duration 20.2 %dur 
Inegales 17.2 %dur 
It is observed in the discussion that these values are all quite high when compared with 
similar tests performed in psychoacoustic experiments. The only explanation given for the 
difference with psychoacoustic experiments is the possibility that there may have been too 
few iterations of the stimuli, or too few repetitions of the individual excerpts within each 
stimulus. Finally the comment is made that the musical experience and knowledge of the 
subjects was insignific.·ant as a factor for all rules with the exception of one where musical 
experience was only just significant. 
Critical Analysis 
• A question is raised in the introduction to the paper regarding the relevancy of 
JND experiments in the context of musical performance. It is submitted in the 
introduction that given the validity of the performance rules, if a difference can be 
shown to exist between the JNDs of musically trained and musically untrained 
subjects. then it seems likely that the sensitivity of musically untrained individuals 
can be improved through training. Unfortunately there is no definition of musical 
training provided in terms of quantity, years of experience or any other possible 
measure of musical training or ability. Although the subjects are described as music 
technology students of whom a percentage are amateur musicians, there is no 
definition provided to qualify their responses so it is not possible to determine 
whether their rl.:!sponses may be classed as a JND sample of musically untrained or 
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musically trained subjects. Hence though the relevance of JND experiments in the 
context of musical performance is considered in the introduction, it does not seem to 
inform the experimental work itself. Unless the abilities of the subject group are 
defined before the experiment and the subjects selected on the basis of the 
definition, it is submitted that any results presented have no basis on which to judge 
their relevance. Furthermore it is submitted that until a clear definition and 
categorization of subjects is consistently provided with regard to musical training 
and/or experience, it will always be difficult if not impossible to relate the results of 
one experiment in music to the results of another. 
• The subjects are described as music technology students and further classified by 
describing 507t· of them as amateur musicians. In the discussion the comment is 
made that the musical training of the subjects was barely significant as a factor for 
one rule. and not significant as a factor for all other rules. It is further commented 
that this result is in contradiction with previous results. Unfortunately this stated 
contradiction is not clarified in the article. However it seems absolutely clear to the 
reader that given the level of musical training held by the subjects in this 
experiment, there is in fact no contradiction. The reason for the apparent 
insignificance of musical training as a factor in this experiment is clearly due to the 
level of musical training attained by the subjects. Hence it is not musical training per 
se which is insignificant as a factor, rather it is the specific level and quality of 
musical training held by the subjects which is insignificant as a factor. 
• It is stated that there is a large discrepancy between the results of this study and the 
results of psyt'llOacollstic experiments. It is submitted that beyond the issue of 
insufficient information on subject groups, another possible reason for the 
discrepancy may be the different stimuli used in the different studies. 
Psychoacoustk~ experiments frequently use very non-complex sounds such as a sine 
waves and simple single tones rather than complex musical compositions such as 
the music that is assumed to have been used in this experiment. Hence the 
complexity of the stimulus may be great enough to distract the listener and reduce 
their ability to focus on and notice subtle alterations to single elements in the 
stimulus. 
• None of the analysis, neither statistical nor any other is provided. For example, 
though musical training is discussed as a factor in the discussion, no evidence of the 
analysis to detel1l1ine the significance of factors is provided. 
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• A l1umher of assumptions that may well be questioned are made either by the 
author, or imposed on the reader. The principal assumptions are as follows: 
• It is assumed that the trials were always started with an 
implementation level of performance rules that would clearly and 
obviously distinguish the processed version of the excerpt from the 
unprocessed versions. 
• It is 110t possible to judge from the article what factors were 
<:onsidered in the analysis. Therefore it is also not possible to 
establish the main assumptions made. For example it is not possible 
to establish whether there is an assumption made that factors such as 
aptitude or interest have a negligible affect on an individuals 
sensitivity to musical expression, or whether they were indeed 
considered in the analysis. 
• It is not indicated in the article from what music the excerpts were 
extracted. It is assumed that in keeping with most other research at 
the KTl-l that the excerpts were monophonic traditional melodies, 
but this may not be true. Given the information provided in the 
ankle it is possible that the excerpts were random noise. 
• It seems that there is an assumption made that sensitivity to subtle 
effects in music is a desirable human characteristic, and that it could 
be made a universal characteristic by simply training those who do 
nor possess it. Though to many individuals this assumption may 
seem axiomatic, it is submitted that on the contrary it is a possibly 
fallacious assumption. It has yet to be demonstrated that individuals 
who demonstrate a high sensitivity to subtle musical effects are 
products only of musical training with no other ancillary factors to 
("onsider such as personal characteristics or experiences. Hence 
given the possibility that individuals who are highly sensitive to 
musical subtleties may be products of more than only a musical 
training., and given that such individuals are likely to be counted as a 
\'t'ry small minority, it may in fact be cOllnterproductive to assume 
that any average individual could be trained to develop an equally 
high musi(.'HI sensitivity. Therefore the fundamental justification 
given in this article for JND experiments in a musical context may 
need to he reviewed. 
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• There seems to be an error in the text. Regarding the adjustment of the 
implementation level of the performance rules in each stimulus the authors have 
written: 'The quantity presented in the subsequent stimulus was doubled if the 
answer was right and halved if it was wrong," (Friberg & Sundberg 1994:339). 
This does not make any sense. It is submitted that the authors intended to write the 
reverse i.e. 'the quantity presented in the subsequent stimulus was doubled if the 
answer was wrong and halved if it was right'. 
1.4.6 Neural Iletworks play Schumann & Oscillations triggered by 
SchUmall1l'S "Traumerei" 
Although the two articles Neural networks play Schumann (Bresin & Vecchio 1995) and 
Oscillations lri~~ered hy Schumann's uTraumerei" (Langner & Kopiez 1995) are not 
related to researdl based on the method of analysis-by-synthesis, they will be mentioned 
here because of the independent validation they provide for the Sundberg Performance 
Rules. The validity of the performance rules is not seriously questioned today, but there are 
some who in the recent past have opined various objections to the viability, effectiveness or 
even correctness of the performance rule model (Oosten 1990). Hence a short presentation 
of two independent research projects which demonstrate the effectiveness of the 
perfOnTlanCe rule model in general, and the Sundberg Performance Rules in particular is 
included here. 
The article by Brcsin and Vecchio reviews an ongoing research project at the University of 
Padua. The project has bet:n to develop a program originally based exclusively on neural-
networks and currently to include fuzzy logic methods of programming. In brief, the term 
neliralllelll'Orks, or more precisely 'connectionist modelling', describes computer software 
which emulates the nt~ural operation of a human brain. Some of the useful features of 
today's advanced neural networks are the abilities to (1) 'learn' how to behave by 
observing an example~ (2) generalise selectively from several examples; (3) compare their 
own behaviour with given eXlI1l1ples and alter their behaviour according to the results of the 
comparison: (4) choose the best behaviour from among several options when a given 
situation provides the opportunity for choice (Caudill and Butler 1991). The program 
developed by Bresin, now in an advanced state and referred to as Melodia, is able to learn 
how to perfOnTl music.: by analysing performances given by musicians. Once Melodia has 
learned how to perfOnll music, given a MIDI file, it can adjust the file so the output sounds 
expressive. Of course there are a number of products, some commercial as well which 
claim to alter MIDI tiles in a manner that will yield a musically expressive output. However 
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evidence suggests that the quality of Melodia approaches the quality of a live musician (to 
be discllssed bt!low). Of course, in the article in question Melodia is taught with a 
performance by a professional pianist of international standing so the quality of Melodia' s 
learning and output is high. If Melodia had been taught using a mediocre performer, then 
the quality of the learning and the output would have been commensurate with the input. 
The structural details of the Neural Net and the method of training are readily available in 
the literature. What is salient to this review is that the input nodes of Melodia are based on 
the Sundberg P~lformance Rules. (A neural 'node' may be regarded as similar to a single 
cell which is given a single task. The node is then stimulated by many different stimuli but 
it will respond only to the stimulus for which it was designed.) In other words nodes were 
designed to receive information from a musical performance regarding aspects of 
performance which are encompassed by the Sundberg Performance Rules. For example, 
one of the nodes was made sensitive to the performance of repeated notes. In this manner 
the node learned the repetition articulation performance rule. It should be mentioned that 
the Melodia program not only learns what the Sundberg Performance Rules identify, i.e. 
how to perform a given figure sllch as repeated notes, Melodia also learns how much to 
implement what it has learned. Hence Melodia automatically does what analysis-by-
synthesis research may take several experiments and dozens of subjects to establish. 
Melodia determines the implementation quantities of the performance rules in addition to 
learning the rules themsdves. Furthermore Melodia does not consider performance rules in 
isolation but by its very nature learns and implements the rules within the context of all 
other rules for which it has nodes. It should be noted that in temlS of validating the 
Sundberg Peli'onnanc~ Rules, which was not a goal stated by Bresin and his colleagues, if 
the perfomlance rules wt!re arbitrary and musically irrelevant, then the Melodia program 
would not receive suffic..~ient input from a musical performance for it to learn. Hence to 
some extent thl..' simplt' fact that Melodia functions well is a good validation of the 
Sundberg Performam'\;' Rules, 
... 
In Neuraillelworks play Schumann, the Melodia program was designed to receive data 
that related to eight of the Sundberg Performance Rules, After the Melodia program 
learned the perfOnmlllCl' rules and their contextual implementation quantities, the program 
was used to process music and it is reported that informal listening tests yielded positive 
responses. An analysis was performed of the nodes after training and the results compared 
with the definitions given for the Sundberg Performance Rules. In every case the nodes 
either duplicated the algorithms defining the Sundberg Perfonnance Rules or seemed to 
refine them by narrowing the extent of their application, Hence by simply receiving 
information about ~l particular musical structure such as repeated notes or pauses between 
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notes, the neural net developed algorithms for performing the musical structures very 
similar to, or even more restrictive than the performance rules developed through analysis-
by-synthesis at the KTH. 
In the article Oscillations triggered by Schumann's uTraumerei" , a new system for 
analysing performances of music is described. The system is proposed as an alternative to 
current methods of analysis-by-measurement. Analysis-by-measurement in music 
performance is the method wherein the performed timing of notes in a given excerpt is 
compared with the nominal durations of the notes in the printed score. The differences 
between the perfonllance and the score are calculated, generalisations and algorithms based 
on the generalisations are developed. 
Unfortunately analysis-by-measurement has at least two significant limitations, one 
intrinsic to the method and the other common to the research which implements the method. 
The intrinsic limitation is that analysis-by-measurement is a one-dimensional view of 
performed timing. curves. It assumes that all adjustments and shaping of timing events in a 
given work occur in a single general tempo and on the level of single note levels. The 
hierarchical nature of music is commonly acknowledged, but the approach to analysis is 
hampered by the. nature of the method. Analysis-by-measurement is not able to reflect 
contextual adjustments to single notes. For example it would not be possible to observe 
whether a I.!iven note was lenuthened because of its function in the measure, in the phrase 
~ ~ 
or in the whole piel·e. 
The second limitation of analysis-by-measurement, common to the research, may be related 
to the nature of the m\!(hod. Kopiez mentions that there seems to be a reductionist effect 
occurring in the research using analysis-by-synthesis in that the musical excerpts used for 
analysis become shorter and shorter as one progresses through the literature from 1930 to 
today. In 1938 Seashore investigated large sections of works, in 1992 Repp investigated 
six notes of a work. As an alternative to the limitations of the analysis-by-measurement 
method, Langner and Kopiez propose a method which is able to reflect all timing 
adjustments, and place them in a musical context from less than a second to in excess of 
sixteen minutes. Henl'\:' the new system is able to reveal the functionality of a given "time-
shaping" (Langner & Kopiez 1995:46) event in terms of its performed and musical 
structural si~nificance. 
The details of the systt:m and its use are well presented in the literature and will not be 
explained here in detail. Briefly the system contains 180 oscillators which are sensitive to 
fixed frequen(.'i~s (ewlll frequencies distinguished through musical dynamics) distributed 
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logarithmically across the spectrum from 0.001 Hz to 32 Hz. The volume curve of a given 
musical work is transfolllled and used as the input for the system. The output of the system 
is referred to in the literature as a tempogram . It is a graph illustrating musical tempo 
perceived by thc:- systt'1l1. 
What is salient to this review is the results of a comparison between three tempograms 
reflecting three musical performances of the Triiumerei . The performances examined were 
a recording by the pianist Wilhelm Kempff, a MIDI performance with no adjustments to the 
timing, and a MIDI perfomlance prepared by the Melodia program. The tempograph of the 
MIDI perfomlance with no adjustments revealed oscillations in straight lines and primarily 
at 2 Hz. corresponding. to the eighth notes in the work. The tempograph of the Kempff 
recording revealed a varied pattern of oscillations and the tempograph of the Melodia 
program as well. The significance of the Melodia and Kempff tempographs is their 
similarity. It should be' noted that the Melodia program was taught to perform the 
Triiumerei by being given input from Horowitz recordings which are clearly different in 
performam:e style from Kempff. Nevertheless the tempograms were the same in their 
location of time-shaping events. The principal difference being the extent to which the time-
shaping events were implemented. It seems that the Melodia program, based on the 
Horowitz recordings had a slightly more extreme implementation of time-shaping than the 
Kempff recording. Newrtheless the differences are in micro-seconds. 
The Me/ociia program is based on the Sundberg Performance Rules and it is shown 
through a new and highly sensitive method of analysis to be an effective system for 
generating performed musical expression. Hence weight is lent to the argument that the 
performance rule model is an effective and valid perspective for research in musical 
expreSSIOn. 
1.4.7 Critical summary of experimental work 
The three papers reponing on research to develop the perfomlance rules at the KTH and the 
two papers reponing on research related to perfomlance rules are representative of the 
research in the literalllJ't'. Approximately fifteen papers have been published with either 
Sundberg or Friberg as first author detailing the progress of the performance rules. The 
articles address variollsly the identification and validation of the circa twenty Sundberg 
Perfoml.uwe Rules and/or the dedicated software developed by Friberg for the analysis-by-
synthesis experiments. The articles reveal the progress of research as the rules were 
fonl1ulated and testl!d in experiments similar to those described above. From the literature it 
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seems that only Bresin lind his colleagues have used the potential inherent in the Sundberg 
PerfonnanC.'e Rules to develop further applications and new avenues of research. 
There are two points which remain to be raised which can be identified as an undercurrent 
through the published research. The first point is a detail but should be noted. In all 
experiments in the literature, there is no indication of how the tempi were established for 
the various mllsi<..~al excerpts used. It is assumed that the tempi selected were within a range 
of what may be considered acceptable tempi. This is an assumption that is expected of the 
reader. Intuitively one may imagine that the tempo of an excerpt may have an affect on the 
implementation quantities of perfonnances rules. Given that it would be useful for later 
research to be able to C.'ompare previous data, it would be better if this infonnation were 
provided. 
The second point relates to the variability and undefined characteristics of the subjects used 
in the reviewed experim~nts. The issue of clearly defining the abilities of the subjects is an 
important issue in re:-.~arch. In the analysis-by-synthesis method, it is the subjects who 
validate or invalidat~ the desirability and quality of a given performance rule 
implementation. Ideally, in order for there to be consistency in research and between 
experiments, it should be possible to replicate all factors responsible for variability in 
repeated rutings of a given stimulus. Some factors such as the environment, the equipment 
used or the number lind gender of subjects are relatively easy to identify, replicate and 
consider in an analysis of results. It seems clear that in the analysis-by-synthesis method, 
one of the principal factors that could contribute to variability between subjects and hence 
between results is the kvel of training and experience possessed by the subjects. 
Unfortunately there does not seem to be any clear consistency between experiments in the 
experience or knowledge expected of subjects used. As suggested above, discrepancies 
between results may be directly attributable to the training of the subjects used. It is 
submitted that the variation in subjects' experience and knowledge that exists in the 
experiments reported represents a large factor of uncertainty in any generalisations drawn 
from the body of resean:h. One possible method to reduce the uncertainty may be to create 
a detailed questionnaire which could record both general factors such as time spent listening 
to music or time spent performing music and detailed factors such as the nature of 
performance activity, i.l.!. as a soloist, as a member of an ensemble, as a sole professional 
activity or as a hobby. Hence though a questionnaire of this kind may not be a source of 
significant and ('onc\usive generalisations after only one experiment, it is likely to be a very 
useful source of infol111ation after many experiments. 
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1.4.8 Review 
In this chapter the history of the research into the development of performance rules 
primarily at the KTH was reviewed. The specific group of performance rules referred to in 
this work as the Sundherg Performance Rules were described and discussed individually. 
Key literature relevant to the development and verification of the Sundberg Performance 
rules was reviewed and critically appraised. 
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Chapter 2 
Overview of experimental work 
2.1.1 Introduction 
The experiments presented in detail in the next two chapters are a natural outgrowth of a 
critical analysis of the current published research. In this chapter the research goals are 
clearly stated. A general presentation is made of the objectives and hypotheses that 
underpin the experimental work, and a general overview of the experimental work that 
forms the empirical basis for this dissertation is also given. The research goals and 
hypotheses specific to the first experiment are then stated, followed by the research goals 
and hypotheses specific to the second experiment. Finally, general issues related to the 
experimental work such as the expected outcome are briefly discussed. 
2.1.2 Statement of research goals 
In order to base the experimentation to be performed on previous research, yet be certain 
that the research contributes to the existing body of knowledge, a number of general 
research goals are extracted from the critical analyses performed on the literature. The 
research goals are chosen for the experimentation in this work because they are absent in 
the reported experiments. They are also chosen because they represent opportunities within 
which to examine various aspects of the Sundberg Performance Rules which follow on 
from the published research. Hence the general research goals are established to define the 
requirements of experimentation that contributes original and significant results in an area 
that already has a defined body of published research in the area. The research goals are 
stated with respect to four aspects of the experiments to be performed: 1. the performance 
rules; 2. the musical excerpts; 3. the subjects; 4. general considerations. 
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The research goals -
with regard to the Sundberg Perfonnance Rules are: 
• establish implementation levels through documented experimentation 
• use all selected rules in all categories of excerpts 
• use several rules at the same time 
with regard to the musical excerpts are: 
• define specific categories of excerpts 
• consider the categories as factors 
• do not choose the excerpts because of any inherent ability to reveal the effects of 
the rules 
• use monophonic and polyphonic music 
with regard to the subjects are: 
• define and classify subjects according to training and experience 
• consider training and experience as a factor 
• use both musically trained and musically untrained subjects 
with regard to general considerations are: 
• create a database of the subjects used and of all settings during trials 
• design the experiment to be sensitive to training effects 
• use a large enough sample size for there to be a high probability that the results 
will be statistically significant 
• use a carefully designed procedure for the experiment to be regarded as rigorous 
• repon in enough detail for the experiments to be reproducible 
It is important to note that the research goals listed above cannot be reasonably 
accommodated in only one experiment. Hence the research goals are carefully considered 
and implemented in the designs of two experiments - the research reponed on in the next 
two chapters. It is the implementation of these research goals in the two experiments 
detailed below that distinguishes this work from all other published research in the area. It 
will be noted that the experimental design of the first experiment incorporates every 
guideline given with the exception of the use of polyphonic music. The experimental design 
of the second experiment includes polyphonic music. 
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2.2 General description of experiments in this study 
2.2.1 General objectives 
The overall objective or purpose of the experiments presented below is to contribute to 
knowledge related to nIle-based musical expression manifested by computer controlled 
performances of music. More specifically, the overarching purpose of the first experiment 
is to experimentally detemline implementations of the Sundberg Perfonnance Rules. 
Additional main objectives of the first experiment are: to generate implementation levels of 
the performance rules, to observe whether a consensus is established, to detennine whether 
there is a significant difference in consensuses between musically trained and untrained 
subjects, and to detemline whether musical extracts of different types require different 
processing. 
The purpose of the second experiment is to determine acceptable and unacceptable 
quantities of musical expression manifested by a series of variously processed musical 
excerpts. Additional main objectives of the second experiment are to explore the 
consistency of subjects in their ratings, to examine the factors which contribute to the 
subjects choices, and to detemline a general consensus on the acceptability of the computer-
generated performances within the context of semi-professional and professional opera. 
The main objectives of the two experiments may be listed as follows: 
• to deternli ne if evidence indicates that implementations of the Sundberg 
Perfornlance Rules are excerpt specific. 
• to deternli ne if evidence indicates that implementations of the Sundberg 
Perfornlance Rules differ according to levels of musical training. 
• to determine if musical expression that is currently easily implemented 
in electronically generated performances of the orchestral portion in 
standard opera repertoire is considered acceptable by a defined sample 
population. 
2.2.2 General hypotheses 
The general hypotheses regard questions related to implementing the Sundberg 
Performance Rules in various quantities through the use of dedicated software. These 
hypotheses are considered to be the same as those detailed or assumed in most of the 
published research. The hypotheses may be fomlulated as follows: 
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• It is hypothesised that relationships exist between given musical excerpts and the 
quantities of implementations of performance rules. 
• It is hypothesised that consensuses may be reached regarding the quantity of 
perfonnance rules' implementation. 
2.2.3 General overview of the experiments 
Presented in the previous chapter is a review of the current research with regard to rule-
based computer-generated musical performances. It was shown that current published 
research includes work that involves -
• the perception and cognition of performance rules. 
• tests to determine if the rules improve a given musical excerpt. 
• tests to determine implementation levels of performance rules. 
• tests to define limits Stich as Just Noticeable Difference tests. 
• various applications of preference tests. 
• the development of software which implements perfonnance rules 
• the development of methods and technology to analyse the effects of performance rules on 
a given musical performance. 
The research in this work comprises two experiments. The first experiment continues the 
research into the implementation levels of performance rules and the second experiment 
continues research into the perception and cognition of performance rules. 
In the first experiment, 24 musically trained and 24 musically untrained subjects work with 
four monophonic musical excerpts in turn, all extracted from the orchestral accompaniment 
of romantic opera literature. The principal application used in the experiments is the 
Director Musices application (Friberg 1995). The Director Musices allows a user to apply 
several of the Sundberg Performance Rules in any combination and with varying degrees 
of implementation. In the Director Musices application the Sundberg Performance Rules 
are implemented by moving sliders (similar to the sliders on an audio mixing desk) that are 
graphically displayed on the user's computer monitor. Thus the excerpts are replayed under 
the control of a computer in real-time. Working with one excerpt at a time and starting with 
an unprocessed perfonmmce, after each audition of the current excerpt, a subject affects the 
subsequent performance of the excerpt by moving a number of graphically displayed 
sliders on a computer monitor. Once the subject has repeatedly auditioned the excerpts and 
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adjusted the sliders, a setting of the sliders may be arrived at which seem to the subject to 
be the best possible setting based on the perceived electronically generated performance. 
Hence the subject detennines an optimal implementation quantity of the performance rules. 
In the second experiment, settings derived from the first experiment are used to generate 
processed performances of four polyphonic musical extracts. A tape is prepared with 
randomised recordings of the four polyphonic excerpts, some altered according to the 
experimentally detemlined settings, and some with no processing at all. The tape is played 
for 24 subjects who are asked to rate the acceptability of the musical performances. 
2.3 The first experiment: Determination of appropriate settings 
of performance rules 
2.3.1 Research q ucstions 
The research questions posed in the first experiment use the experiment to address issues 
related to two areas in particular (1) to the implementation of the rules (2) to the 
observations that may be drawn regarding the subjects. Specifically with regard to the 
implementations of the rules the research questions may be formulated as: 
• are there implementations of the Sundberg Perfornlance Rules that are specific to 
the type of musical excerpt? 
• are there implementations of the Sundberg Performance Rules that can be 
generally applied to more than one type of excerpt? 
Specifically with regard to the observations that may be drawn regarding the subjects the 
research questions may be formulated as: 
• is there a consensus among subjects about the quantity of expression that 
ought to be demonstrated by a given electronically generated excerpt? 
• given a consenslIs among subjects, what are the levels of consensus within 
subjects and between subjects for different types of excerpts? 
• given <l consenSllS, is there a significant difference between the consensuses 
demonstrated by musically trained listeners and musically untrained listeners? 
Overview of experimental work 54 
2.3.2 Hypotheses 
Based on previous experiments (Friberg 1989; Sundberg 1991), hypotheses are proposed 
that a consensus would be found, that a difference between trained and untrained musicians 
would be observed, that evidence for relationships between types of excerpt and levels of 
implementation would be found. The hypotheses may be stated as follows: 
• There are implementation quantities of the Sundberg Performance Rules that are 
specific to the type of musical excerpt and other implementation quantities that are 
'generic' and may be applied to more than one type of excerpt. 
• Musically trained listeners demonstrate consensus when asked to identify the 
quantity of expression that a given excerpt should evince. 
• A consensus may be revealed among musically untrained listeners but the 
consensus wi 11 be less than musically trained listeners both within and between 
subjects. 
2.4 The second experilnent: Acceptability of electronically 
generated musical excerpts 
2.4.1 Research question 
Based on the results of the first experiment in this work, the second experiment regards the 
acceptability of a number of electronically generated performances. The principal research 
question is formulated as: 
• given perfonmmces of electronically generated excerpts from the orchestral 
portion of late-romantic opera repertoire, within two specified contexts, how 
are the perf0l111anCeS rated in terms of acceptability by musically-trained 
listeners? 
A fundamental assumption is made as a foundation for the second experiment. The 
assumption is that there is no conceptual shift necessary to link an investigation into the 
quantity of expression manifested by a given performance with an investigation into ratings 
of acceptability. It is submitted that the acceptability of a performance is related to the 
quantity and quality of expression manifested by a given performance. Hence the results of 
the second experiment provide some indications regarding the relationship between the 
acceptability of a given pelfom1ance and the quantity and quality of expression. 
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An alternative might be to determine whether a given electronically generated musical 
excerpt demonstrates sufficient expression. For example, given an electronically generated 
performance of a musical excerpt that is either expressionless or very expressive, a 
question could be fornlulated: does this extract need to be performed with more expression? 
However, whatever the answer given, 'yes' or 'no', the investigator would still not have 
discovered whether the given performance is deemed acceptable. All that would be known 
is that a particular performance of a given extract needed more expression or did not need 
more expression. If however the research specifically investigates the acceptability of a 
given electronically generated performance, then a generalisation might be made from the 
results. Thus by asking a question regarding the acceptability of a given performance, one 
may be able to find evidence to support conclusions regarding the following two issues: 
• the general acceptability of electronically generated performances of specific 
repertoire in defined contexts. 
• a relationship between the quantity of expression and the acceptability of 
electronically generated performances of the orchestral portion of standard 
late-romantic opera repertoire. 
2.4.2 Hypotheses 
There is no previolls experimentation on which to base hypotheses for the second 
experiment. However a hypothesis may be based on an expected outcome. Hence the 
hypothesis is proposed that the subjects demonstrate consistent discernment in their 
discrimination of processed and unprocessed excerpts. The hypothesis may be split into 
two specific hypotheses and listed as follows: 
• In general, electronically generated excerpts of the orchestral portion of standard 
late-romantic opera repertoire that have no expression are rated unacceptable by 
most musically trained listeners. 
• In general, mllsically trained listeners are consistent in the discernment and 
discrimination between excerpts that are performed with and without 
experimentally derived implementations of expression. 
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2.5 Issues related to the experiments 
2.5.1 Expected outcome 
The expected outcomes of both experiments are that the research goals will be achieved, the 
research questions will be answered and the hypotheses will be substantiated. It is 
frequently possible to state in advance the anticipated results of statistical tests. Although 
the importance of statistical significance should not be overemphasised, both experiments 
are carefully designed so that various statistical methods can be reliably applied to the 
results. The results anticipated for statistical tests are in general the null hypothesis which in 
this study are considered the reverse of the above stated hypotheses. Thus using the second 
experiment as an example, the expected outcome of statistical tests may be given as the 
reverse of the above hypotheses as follows: 
• In general, electronically generated excerpts of the orchestral portion of standard 
late-romantic opera repertoire that have no expression are rated acceptable by most 
musically trained listeners. 
• In general, musically trained listeners are inconsistent in the categorical 
perception of excerpts that are performed with and without experimentally derived 
implementations of expression. 
2.5.2 The flat performance 
Much research has been dedicated to an examination of various aspects of performed 
music, all of which consider one or several alterations made by humans on what could 
otherwise be described as a flat performance (Shaffer 1989). A flat performance is in fact 
an anomaly of contemporary research. It arises out of a need for a universal standard with 
which to compare and "measure" human performances. More precisely, to produce a flat 
performance is to perform a given musical score in a manner where the quantities of time 
assigned to sounds and rests and given in common western music notation are 
mathematically reproduced. 
To elucidate further: given a 4/4 meter and a tempo of a quaver = 60mm, in a flat 
performance all the quavers would be exactly one second long. The performance would 
contain no gaps between notes unless indicated in the score with rests, cadences would not 
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be revealed in the perfomlance through alterations to the tempo and in general, all 
performance techniques used to phrase music and add musical expression to a performance 
would be absent. Thus one may define a flat performance as a tool to establish a basis for 
comparisons, that manifests itself as a performance devoid of expression and alterations. 
Flat performances are llsed in the experiments described below, but they are not used as an 
artificial measure or as a basis of comparison. The approach is to address the 
implementation of performed expression directly. In the first experiment the flat 
performances are given as a tabula rasa - they represent an equal footing from which all 
subjects can start. The nat performances are given in the same manner as a student playing 
for a teacher who then makes comments to improve the given performance. The subjects 
use their musical discrimination to make their decisions regarding the implementation of the 
Sundberg Performance Rules. Based on their musical discrimination the subjects 
implement or do not implement the performance rules, and if the subjects implement the 
performance rules, then to varying degrees. Thus in the first experiment the flat 
performance is a starting point, it is not a final standard measure. In the second experiment, 
the flat performance is also used. Again it is not used a basis of comparison, but as a single 
stimulus that is judged in the same manner as all other stimuli. What are then compared are 
the resultant judgments given for all stimuli and the discussion and conclusions are about 
the significance of the judgments and how they relate to the implementation of performance 
rules. Hence in both experiments presented below, the flat performance is regarded as a 
potentially legitimate musical performance without any prejudgment. 
2.5.3 The legitimacy of experiments in a laboratory 
It may be suggested that in the specific case of music drawn from late romantic opera, the 
validity of results from experiments held in laboratories are stretched beyond credibility 
when the attempt is made to relate the results to the ecological environment. Clearly no 
laboratory can be compared to an environment where opera is performed with all its 
attendant facilities and resources. Yet a laboratory affords one an opportunity to focus on a 
few particular items that are important constituents of an opera production. Moreover, most 
factors that distinguish a laboratory from an opera venue can be regarded as an 
enhancement of subjects discernment rather than the reverse. In an experimental 
environment subjects focus on a very few stimuli, and are influenced by fewer factors than 
in a environment where opera is performed. It is true that some of the environmental factors 
in a laboratory are by no means congruent with performance environments, and 
volunteering as a subject for a scientific experiment is not similar to purchasing a ticket for 
an evening of entertainment. However the laboratory environment and experimental 
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designs do not include extrinsic distractions as in a professional opera production. Hence it 
is maintained that the results of the experiments may be considered significant and useful. 
2.5.4 Meaning of "expression' 
Unfortunately the term "expression' with reference to the perfonnance of music is currently 
internationally undefined. For the sake of clarity in discourse, the working definition given 
in the introduction is summarised here. The tenn 'expression' in the context of perfonned 
music refers in this work to all the possible variations in dynamics, rhythm, timbral 
control, vibrato and other parameters that an artist may use in the perfonnance of music. 
Thus quality of expression in performance is related to the size of the performance 
vocabulary possessed by a given artist, and the originality and subtlety with which the artist 
uses that vocabulary. 
2.5.5 Reasons for choosing the Director Musices 
The Director Musices (Friberg 1995) application is selected as the principal software to be 
used in the experiments. It permits the user to alter files of music coded in LISP such that 
the altered versions, when pelfonned by an electronic sound generator, display some of the 
same subtle agogic and dynamic effects as a live musician. Director Musices is chosen 
because it can be likened to a performer who is taught by a listener. The final excerpt that is 
generated by the Director Musices application after a user has set the graphic sliders is 
what the user wants to hear. Specifically, the Director Musices software allows a user to 
implement in varying degrees, one or several perfomlance rules as defined by Sundberg in 
his related studies. It implements easily and simply a wide range of expressive devices. It 
gives the user what the user wants, regardless of its artistic value. It has been 
experimentally tested and demonstrated to be both reliable and effective (Friberg 1995). 
The main reason however, for choosing the Director Musices application is the ability of 
the software to quantify the implementation of expression in electronically generated 
perfonnances of music. Although the scale used in relation to movements of the sliders in 
Director Musices (numbered 1 - 5 with one decimal place) may be arbitrary, it is both 
repeatable and directly relatable to precise and identifiable alterations of a given electronic 
perfonnance in temlS of millisecond timing, decibel levels and cents of pitch. 
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2.6 Review 
In this chapter, research goals identified as a result of a critical analysis of the literature 
were clearly stated. A general description of the two experiments which fulfil the research 
goals was given. The specific research questions and hypotheses of the two experiments 
were stated. Variolls issues related to the experiments were raised and briefly addressed. 
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Chapter 3 
Deterlnination of appropriate settings 
of performance rules 
3.1 Organisation of the chapter 
In this chapter the first experiment is described in detail. It is divided into three sections: 
methodology, results .md discussion. Although it is not uncommon to include the 
discussion with the results, it was found that the information can be more clearly presented 
with the results and discussion separated from each other. Because the discussion follows 
the results, the statistical methods presented in the results can be used repeatedly to support 
different issues in the discussion as and when appropriate. The methodology covers issues 
regarding the subjects, the instruments, the procedure and the limitations/delimitations of 
the experiment. The results include statistical descriptions of the results. The discussion 
covers the significann.~ of the results, the relationship of the results to other research, and 
the conclusions. 
3.2 Methodology 
3.2.1 Introduction and Overview 
This study utilised a selection of subjects from two defined populations. Four categories of 
musical excerpts drawn from the orchestral portion of standard opera literature were used 
as dependent variables. Five algorithms that operate on music files to alter the expressive 
quality/quantity of the performances specified in music files were used as independent 
variables. The five algorithms were mathematical representations of five performance rules 
developed by Johan Sundberg. The general purpose of the study was to establish desirable 
implementations of the five algorithms for various musical excerpts. More specifically it 
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was asked whether implementations of the Sundberg rules could be established that were 
specific to a given classification of excerpts, and whether a single general implementation 
of the Sundberg rules l'ould be established that could then be applied to any excerpt as 
described and classified in the experiment. Ancillary goals were to confirm, support and 
deepen the previous research by 10han Sundberg, compare the results from two classes of 
subjects, provide a database for related studies and further research, and explore some of 
the potentials inherent in the new Director Musices software (Friberg 1995). Explained 
below, in the body of this section, this study may be described as a 2 x 3 x 4 x 4 mixed 
factorial design. Two groups of subjects were used, 24 musically trdined and 24 musically 
untrained. Subjects were tested individually in three trials per subject. Before the first trial, 
every subject was provided with an introductory text to prepare them for their trials and a 
questionnaire. Though it might have been dispensed with in the case of the trained 
musicians, it was clear that all subjects had to receive the text. Every subject was given four 
musical excerpts to process in every trial. Every subject was given as much time to 
complete the task as necessary though subjects who exceeded a reasonable time-scale and 
their results were ultimately discarded. The subjects were given breaks at twenty minute 
intervals. The subjects were drawn from the student body, teaching staff, and the general 
population of the loc:.tl community. The age group was wide - from under 20 to over 65 
years. 
3.2.2 Design of the experiment 
To review the basic parameters of the experiment: two groups of 24 subjects manipulated 5 
sliders working with four excerpts in three trials. A tabulation of the design is as follows: 
Number of subjects: 
Number of trials: 
Excerpts per trial: 
Number of excerpts: 
Types of excerpts: 
4X subjects divided into two groups - 24 musically trained and 24 
musically untrained 
.., 
.' 
4 
7 in total; four observed and analysed, three random 
Slow-Major, Slow-Minor, Fast-Major, Fast-Minor 
The excerpts were assigned to each subject according to the following plan (the plans in 
this and in the second experiment were designed in collaboration with Dr. A. Kimber of the 
Department of Mathematical and Computing Sciences at the University of Surrey). 
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Subject Trial 1 Trial 2 Trial 3 
1. DBXIA X2BDX3 ABCD 
2. CABXl X2CX3B BDAC 
3. BXIAC BX2CX3 CDAB 
4. ABCXl AX2X3B CBDA 
5. DXlBA BX2DX3 BACD 
6. CDXIA ACX2X3 DABC 
7 . BCXID X2X3BD ADCB 
8 . ACDXI X2DX3A DBCA 
9 . ADXIB DAX2X3 DCBA 
10. CDXIA X2DX3C BADC 
II. BDCXI X2DX3B ACDB 
12. DXIAC X2X3CD ACBD 
13. CXIDB X2CBX3 ABDC 
14. BCAXI X2BAX3 CADB 
15. ACXID CAX2X3 BDCA 
16. DBCXl X2X3CD CBAD 
17. AXICB CX2AX3 BCDA 
18. CXIAB AX2X3C ADBC 
19. BXIDC CX2BX3 DACB 
20. DABXl DX2X3A BCAD Code: A • Slow-Minor 
21. BAXID BAX2X3 DCAB B. Fast-Major C • Slow-Major 
22. CBDXl DX2X3C DBAC o • Fast-Minor 
23. AXIBD X2BAX3 CDBA X1-X3 • Random Extras 
24. DAXIC X2X3DA CABD 
(Not A,B,C or D) 
Features of the above design are: 
• each subject alters two excerpts three times, one excerpt twice, and one excerpt 
once 
• the first and last excerpt altered by each subject is the same 
• the number of times each excerpt is last is balanced 
• the overall design is balanced; within a column, each excerpt is equally represented 
• the four excerpts allow for four conditions 
It was thought useful to have the same excerpt first and last in order to see if there was a 
trend indicative of a training effect that would reveal itself across subjects. The above five 
features insure that the results can be reliably examined using standard statistical 
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procedures. The mixed-factorial design involves four independent variables - 2 categories 
of training, 3 trials, 4 S/F (slow/fast) excerpts and 4 -/+ (Minor/Major) excerpts yielding a 
2 x 3 x 4 x 4 mixed factorial design. The single dependent variable is the final setting 
generated by each subject. The design is 'mixed' with two categories of training as a 
between subjects factor, and 3 trials, 4 S/F excerpts and 4 -/+ excerpts as within subjects 
factors. 
3.2.3 Sample description 
Subjects were selected from two populations defined as musically trained and musically 
untrained. Musically trained subjects were identified as any individual that had completed 
sufficient musical studies to be accepted full-time into a university music program. 
Musically untrained subjects were identified as any individual who may have had some 
music education, but did not learn an instrument in secondary school, nor had any 
specialised music training of any kind. It is common to use university students for subjects, 
and in many studies one could easily exchange 'studenC for 'subject' without any 
compromise in veracity. 
The subjects were carefully considered in tenns of the purpose of the first experiment and 
the legitimacy of employing the derived results from the first experiment in the second 
experiment. However in tenns of knowledge, experience and skills the specifications for 
the musically trained group of subjects may be questioned. Objections may be raised here 
concerning the experience and knowledge of the second subject group defined above. 
Given the qualifications of the musically trained population, it is possible to question the 
abilities of the so defined category of subjects to fulfil the exigencies of the experiment and 
therefore to question the legitimacy of the results. Simply put, the question may be posed: 
why was the sample of musically trained subjects not chosen from a population of 
individuals who had advanced musical training, were active professional perfonning 
musicians, and had a long history of professional experience in music? 
To generalise from the specific instance of this question, the issue may be regarded as an 
example of the common apposal: who is or what defines an expert? The OED defines 
'expert' in an active and a passive sense. In the active sense it is given as: "Experienced 
(in), having experience (off' and in the passive sense it is given as: "Tried, proved by 
experience:' . Two further definitions given are: "1. One who is expert or has gained skill 
from experience." and "2. One whose special knowledge or skill causes him to be regarded 
as an authority; a specialist." (OED 1981:930). It seems that an expert is an individual who, 
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as a result of a certain quantity and presumably quality of experience, has attained a 
minimum level of skill in a defined area. The question regarding choice of sample 
population then becomes decisions about the levels of training and experience required to 
satisfy the specific needs of the experiment. But the factors influencing the choice of 
population sample include more than items related to skill and knowledge. It is important to 
consider the function of the sample population in the overall experimental design. Thus to 
establish the legitimacy of using a large proportion of music students as subjects in this 
particular experiment, one must consider the role of the given population in terms of its 
representation of, and relation to the ecological environment. The musically trained were 
clearly positioned as the theoretical opposite of the musically untrained. Therefore to 
determine the minimum training and experience which the musically trained sample 
population needed to possess, both populations were considered in the context of the 
ecological environment - an environment of professional and semi-professional opera 
performances. 
10han Sundberg developed the algorithms (described as performance rules) that add 
expression to computer-based music files in much skilled and careful research using 
variously described musically trained and/or experienced subjects. In question are not the 
validity nor the effectiveness of the performance rules (this will be discussed below in the 
section on instrumentation). The experiments carried out in this study investigate whether a 
standard set of performance rules can be identified which are either specific to a given type 
of music, or generic to all music; the experiments further investigate whether music that has 
been variously processed with the Sundberg Performance Rules are acceptable to an 
average audience that may attend performances of opera. The important qualifying factors 
in the previous sentence are the terms "average" to describe the audience, and "opera" to 
qualify the music that is listened to. The intended theoretical audience represented by the 
subject sample of the experiment is a sample of the population drawn from audiences that 
may attend performances of opera. In that context, to exclusively use highly skilled, trained 
and experienced subjects as the opposite of the musically untrained would have been 
anomalous since it would not have born a relation to the ecological environment. Hence 
musically trained university music students are considered to be at the top end of a 
training/experience scale applied to an average opera audience. 
To summarise the points: 
• The musical training of those who commonly attend performances of opera is 
likely to be not greater than a first degree in music, and possibly no musical 
training at all. Hence a first degree in music was chosen as the minimum level of 
training required for the musically trained sample population. 
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• As part of the musically trained population source, highly musically trained 
and experienced individuals were not excluded from the study. 
• Any detemlination related to expression given by musically trained university 
students was estimated to be more stringent than the exigencies expected in 
the ecological environment. 
• Non-musical factors (such as marketability) commonly considered in the 
ecological environment to reflect the quality of a given performance are not 
commonly taken into consideration by university music students. The non-
musical factors can be usefully excluded as nuisance factors from the experiment 
• Limiting the subject population to highly trained and experienced individuals 
would have entered a false bias into the experimental design, nullified the 
relevance and abrogated the relation of the results to the ecological environment. 
3.2.4 Sampling design 
The sampling design called for musically trained and musically untrained participants.The 
musically trained participants consisted of subjects drawn from students and staff at the 
Music Department of the University of Surrey as well as from individuals in the 
professional and semi-professional music community in and around London, England. The 
musically untrained participants consisted of subjects drawn from the general population at 
the University of Surrey exclusive of the Music Department as well from the general 
population in the city of Guildford, England. All subjects filled out a questionnaire that 
established the musical training of the subject. The age was limited downward - no 
subjects were accepted below the age of eighteen. Many subjects were over forty years and 
some were over sixty-five years. Most of the subjects were U.K. nationals of western 
heritage, though some were foreign nationals of eastern European, middle-eastern, far-
eastern and North/South-American heritage. 
3.2.5 Determining the appropriate number of subjects 
It was decided to use 24 musically untrained, and 24 musically trained subjects. The reason 
for choosing 24 subjects was as follows: used in the experiment were four excerpts drawn 
from standard opera repertoire. If the four excerpts are a, b, c, d then the number of 
possible ways to arrange the four excerpts is 4x3x2x 1 = exactly 24 orderings ego abed acdb 
and so on (as above). However 24 subjects engaged in three trials provided an opportunity 
to create the following additional features: 
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• Each subject heard two excerpts three times, one excerpt twice and one excerpt 
once. 
• The excerpts heard were balanced between subjects. That meant each excerpt 
appeared fIrst in the fIrst trial an equal number of times, second in the fIrst 
trial an equal number of times and so on. Thus each item is in each position 
the same number of times where position refers to both occurrences in every 
trial, as well as number of times heard across all three trials. 
3.3 Instrumentation 
3.3.1 Overview 
This section will briefly review the Director Musices application and describe the 
questionnaire used to categorise the participants in the first experiment. The software and 
methods used to collate and analyse the data will also be reviewed. 
3.3.2 Director Musices 
The Director Musices application is a stand-alone, freeware research application written in 
Macintosh Common Lisp. Music is coded and saved in a local text format specifIed in a fIle 
provided with the application. Standard MIDI fIles can also be read and written. Music that 
is loaded into the running application may be played via MIDI controlled devices. The 
following example is a portion of an excerpt used in the fIrst experiment. 
vI 
(n (0.2) rest t key "G#" modus "min" meter (2 4) mm 70 q ("G#" "B" "0#") ph t) 
(n (0 .4) dot I rest t) 
(n ("G#4" . 8) phrase t) 
(n ("A#4" . 8» 
(n ("B4 II • 8» 
(n ("0#5" .4) dot 1) 
(n ("0#5" . 8) subph t) 
(n ("0#5" . 8» 
(n ("C#5" . 8» 
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(n ("B4 II • 8» 
(n ("C#5" . 8» 
(n ("D#5" . 4» 
(n ("D#5" . 4) bind t subph t) 
Meanings of various items in the above example are as follows: 
The 'vI' refers to the voice, not the MIDI channel. The MIDI channel would be specified in 
the first line. Up to sixteen voices are permitted. The first line indicates the music starts 
with a half note rest. It is in the key of G# minor, the meter is 2/4 with a metronome mark 
of quarter = 70. The third line specifies a G# eighth note and the beginning of the musical 
phrase. The sixth line indicates that the D# quarter note in question is dotted. The last line 
indicates the D# quarter note is the beginning of a sub-phrase and is tied to the next note. 
Music that is loaded into the running application may also be displayed on various graphs. 
The graphs display the music in a rudimentary notation together with the relative deviations 
of one acoustic characteristic specified accordingly in cents, dBs, or ms (milliseconds). 
Figure 3.1 is an example of a graph that displays the I:! Duration in milliseconds after 
expression was added to one of the experimental excerpts. The first three notes have been 
shortened, and the first dotted quarter has been lengthened. The next five eighth notes have 
been shortened, the subsequent quarter note shortened, the next quarter note lengthened, 
and all the following notes shortened in varying amounts. 
lD 6Duration 
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Fig~re 3.1 Graphic representation ~f an exc~rpt ~~ which the Sundberg Performance Rules have been 
applied. The curve represents the difference In millisecond duration for each note. 
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Figure 3.2 below is an image of the Director Musices user interface. It will be noted that 
on the right hand side next to the graphic sliders are rows with text. These are the titles 
given to the individual algorithms identified as performance rules in analysis-by-synthesis 
research. Each graphically displayed slider controls the implementation of the associated 
performance rule. After a music file is loaded into the running application, one alters the 
expressiveness of the performance by moving the graphically displayed sliders, and 
clicking with the computer mouse on one of the graphically displayed 'Apply' buttons. The 
term 'Init' that appears on some of the graphically displayed buttons is short for 'Initialise' 
nil rules O.pal ~ 
( Apply ) 0 
~===~ ( Init & Apply ) 1-0_--f19~~;;"~;';i.i.:.;':;~:';~;;il.:tl~.!.I;~':;~;;;;~;;;~;';~;;;1~9M_el_od_i_c-_C_h_a...;rg:..e _________ _ 
( Init I Apply & Play ) I-°O_-+19.:..i.:.i;(;;:;""';"i.i.:.':::~':'~:';l.:llo:L!H~:;:i.i.:."':~':'~:;:;.;.:J,::!~o;.H_a_r_m_o_ni_c_-C_h_a_rg.;..e _________ _ 
1¢~;:::::,:,:,:,:;;tl.!.l;:";';';';"';':19 Chromatic-Charge 
o No-Sync 
® Me lodic-Sy nc 
o Bar-Sync 
o 
o 19[:":;:;:':;:':"lltl;::::'::;"',:,:;I¢o Phrase-Parabola :Boundleve15 :Turnpos 0.3 
o 19i,:,:;,;:;".;,,;tl.!.l;"'::::";;':":!o;. Phrase-Parabola :Boundleve16 :Turnpos 2 :A 
o 19(",.,:,:;".,,;:1111':':':""":':',12 Repetition- Artieulation-Dro 
o 9[,:,,;::::,,:,:;,1111"':':':;:"",;:19 Mixed-Intonation 
o Harmonic-Intonation 
091:,;:",:;.:",,:tll]::::':':':::;:",19 Melodic-Intonation 
[8l AO-Norm 
[8l Dr-Norm 
o Dr-Norm-Bar 
o :9!:;::;:;:;';;;;;:llrI;:;;;;;::"';:"H~ Final-Ritard 
Figure 3.2 Graphic user interface to implement the Sundberg Performance Rules in the Director 
Musices software (cropped to remove irrelevant material). 
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and refers to the process whereby the application reloads the original music file before 
proceeding with the rest of the commands. An individual using the Director Musices 
application has the opportunity to move the graphic sliders in any combination. The sliders 
have no effect in real-time. In other words, in the event that a given processed version is 
currently being auditioned, moving the sliders will have no effect on the current 
performance. In order to audition an effect of altering the sliders the user must finish 
moving the sliders and click using the computer mouse on the graphically displayed 'Init, 
Apply and Play' button. In the first experiment, the following graphically displayed items 
were not used: 1. the 'Scale' button and associated integer box 2. the three 'Sync' radio 
buttons 3. the top two buttons' Apply' and 'Init & Apply' 4. the four check boxes among 
the sliders 5. any sliders except for the five selected sliders. As can be seen, though the 
application has many features and possibilities, only five specific performance rules were 
exploited. A detailed discussion of their properties and functions will not be given here as it 
was covered in the first chapter of this work. For further details interested readers are 
referred to A Quantitative Rule System/or Musical Performance (Friberg 1995). 
3.3.3 Rules used and the reasons for choosing the rules 
Of the performance rules available, five were selected for the experiment: 1. High-Loud; 2. 
Phrase; 3. Leap-Articulation-Dro; 4. Repetition-Articulation-Dro; 5. Punctuation. The 
following is a brief review of the rules' functions. A distinction is made between "macro" 
and "micro" levels. Macro levels refers to rules that function across several notes. Micro-
levels refers to rules that function at the level of individual notes. Phrase functions 
structurally at a macro-level. It creates audible demarcations of two hierarchical levels in a 
preset sequence of notes. The two levels are a phrase and a sub-phrase. The demarcations 
are implemented by lengthening the last note of indicated phrases and sub-phrases, as well 
as inserting a micro-pause between the end of a (sub-)phrase and the beginning of the next 
(sub-)phrase. The parameters affected are the duration of final phrase notes, and the offset 
to onset duration between phrases. High-Loud differentiates between pitch categories. It 
increases the volume of a note relative to the pitch. The higher the pitch, the louder the 
volume. The parameter affected is volume. The remaining three performance rules all 
divide a given excerpt into small units referred to as 'micro-level grouping'. Leap 
Articulation Dro generates a micro-pause between the notes in a melodic leap. The 
duration of the micro-pause is relative to the magnitude of the leap. The parameter affected 
is the offset to onset duration. Repetition Articulation generates a micro-pause between 
two successive notes of the same pitch without changing the inter-onset relationship. The 
affected parameter is the offset to onset duration. Punctuation divides a melody into small 
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groups according to a system of 14 sub-rules. The small groups of notes are identified by 
inserting micro-pauses between groups. The parameter affected is the offset to onset 
duration. 
In choosing which rules to use in the first experiment, thought had to be given not only to 
the interactions between the rules and the magnitude of the likely effects of the rules on the 
given musical extracts, but also the generality of the rules. In the two pre-experimental 
trials, it was confirmed that five performance rules was indeed a workable number of rules 
to process in a reasonable amount of time. More rules were considered disadvantageous 
because of the steep rise in complexity of interactions and effects and therefore in the time 
needed by subjects to complete the task. The two rules High-Loud and Phrase complement 
each other without any interactions. High-Loud addresses itself to alterations in volume and 
Phrase addresses itself to alterations in timing. Of all the rules available, these two together 
with Punctuation were considered the most likely to be ubiquitous in their implementation. 
The two remaining rules affect very specific musical structures. If for example there are no 
repeated notes in the given musical excerpt, moving the Repetition Articulation slider will 
cause no effect to take place. In fact, it was astonishing to note the number of subjects who 
indeed moved the Repetition Articulation slider in the experimental excerpt that had no 
repeated notes. There may occur interactions between Punctuation and Phrase, when 
Punctuation affects notes that are also ends and beginnings of phrases. In such cases it was 
expected that a perceptive subject would be likely to reduce the implementation of the 
Phrase performance rule. There may also exist interactions between Punctuation and Leap 
Articulation. In fact Leap Articulation is based on an algorithm which itself is one of several 
incorporated into the more powerful and subtle Punctuation performance rule. Again it was 
expected that a perceptive subject would be likely to reduce the implementation of Leap 
Articulation when llsed in conjunction with Punctuation. Though it may be argued that 
Leap Articulation is a sub-set of Punctuation, it was considered useful to leave subjects to 
decide whether it was possible to dispense entirely with Leap Articulation after 
implementing Punctuation. Finally it should be noted that this work represents the first 
publication of research to use the Punctuation rule in a clearly defined experimental setting. 
3.3.4 Questionnaire 
A ten-item questionnaire was used to classify and categorise the participants in the first 
experiment. It provided a useful method of gaining information in a structured format and 
creating a data-base for future reference and comparison with further experiments. The only 
information that was essential for the internal validity of the first experiment regarded the 
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level of musical training attained by each subject. However to provide the experiment with 
a source for external validity and ultimately place the experiment in a wider context at some 
point in the future when further experimentation has been accomplished, the opportunity to 
gather additional information about each subject could not be missed. Hence this ad hoc 
approach was defended by the nature of the experiment. Given the importance of 
conclusions regarding various implementations of performance processing, it could be that 
additional information about the subjects used would be useful. Cenainly to provide an 
opportunity for detailed statistical analysis and comparison with subject samples of other 
experiments, the data from the questionnaire is essential. Though for the purposes of 
investigating and defending the hypotheses of the first experiment the questionnaire was 
not used, the data has been collated and included on the floppy disks attached to this 
dissertation. A copy of the questionnaire and code-book are included in Appendix III. 
Three types of questions were included in the questionnaire: a. questions that solicited facts 
such as "Q1. What is your age?" b. questions that solicited behavioural information such as 
"Q5. To how much music do you listen each week?" c. questions that solicited attitudinal 
and preferential information such as "QI0. Would you enjoy an opera aria performed with 
the accompaniment of a Karaoke machine?". All questions were presented in a closed 
format. The formats included single-answer questions, multiple-answer questions and 
rank-order questions. Short, explanatory instructions were included on the questionnaire 
below each question. A coding frame to facilitate the transfer of data into a database was 
incorporated within the questionnaire page, but visually strongly separated from the 
questions. All responses were coded and where appropriate, missing responses were also 
coded. 
The structure, design, types of questions, code book, formatting and data entry were all 
based on the samples and guidelines given in the workbook on questionnaire design that is 
part of the training materials associated with statistical analysis developed under the 
Information Technology Training Initiative developed by the University of Ulster (Wilson 
& McLean 1994). 
3.3.5 Instructions 
Included with the questionnaire given to all subjects was a shon document. The document 
provided the subjects with background information, a short precis of the task to be 
performed and a concise set of instructions. A copy of this document can be found in 
Appendix III. Specifically the document contained the following seven parts: 
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• Introduction 
• Preamble 
• Instructions 
• Preliminary Considerations 
• Tutorial 
• Simplified Instructions 
• Image of Computer Display 
The introduction outlined in a few sentences the task the subjects were asked to do. The 
preamble explained the nature of the task in terms of an actor speaking Shakespearean lines 
in a completely flat tone without any expression at all. After using the actor model as 
clarification, the preamble related the model to a musical context and the experimental task. 
The instructions informed the subjects exactly what was expected of them. The preliminary 
considerations provided additional information that was considered to be useful. An attempt 
was made to accommodate all possible subjects since the sampling called for the inclusion 
of musically untrained listeners. Therefore as little as possible was assumed about the 
previous knowledge or experience of the subjects with regard to music or the use of a 
computer. The tutorial referred to a tutorial that was given by the experimenter to every 
subject. The written tutorial was a guide for the experimenter to be sure the same steps 
were followed with every subject. The simplified instructions were an encapsulation of the 
task. It was a useful page to have open during the experiment, particularly during the 
beginning of the first trial. The image of the computer display was a screen dump of the 
actual display subjects were to see during the experiment. 
The purpose of the document was to set the subjects at ease and familiarise them with the 
task to be done. In a pilot study, it was demonstrated that a tutorial and a preparatory 
document that would be carried into the experimental environment would greatly enhance 
the quality of the first trial, and reduce the levels of confusion present, especially for 
musically untrained listeners. 
3.3.6 The musical excerpts 
Four monophonic excerpts were selected from the opera Otello (Verdi 1887) and chosen 
according to the categories slow-major (S+), slow-minor (S-), fast-major (F+) and fast-
minor (F-). The excerpts had to be coded, analyzed, and various indications such as phrase 
markers added to the coded excerpts in the manner appropriate for the processing software. 
It should be noted that the excerpts were all solos - this indicates that the excerpts were all 
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tuneful, manifested strong characteristics, and from beginning to end were structured in a 
fashion that pemlitted logical and meaningful performances of the excerpts independent of 
any other instrumentation. The coded excerpts may be found in Appendix ll. MIDI files of 
the excerpts will be found on the floppy disks included with this dissertation. It was 
decided to use these particular excerpts for the following reasons: 
• The excerpts are from the literature that is prescribed by the experimental design 
• It was important to reduce confounding factors such as those due to differences in 
composer, date of composition and stylistic interpretation. 
• All four excerpts are performed by a single instrument: the oboe. 
• The quality of the oboe sample used is very good, and the reproduction of an 
oboe performance was superior to all other electronically generated instruments 
available. 
Some small discrepancies occurred in the transfer of the original composer's composition 
to the performance generated by the electronic system. For example, the slow-minor 
excerpt used was the cor anglais solo from the fourth act. An oboe is obviously not an 
English hom so it was necessary to transpose the music into the oboe range. One of the test 
subjects was a professional oboist who frequently substitutes in the various London 
symphony orchestras. He was asked if the transposition made any difference to his setting 
of the sliders and he confirmed that though he had noticed the transposition, it made no 
fundamental difference. Though it is dangerous to generalise from a unique instance, this 
reaction from a highly skilled professional was considered sufficiently reassuring to allow 
the discrepancy to remain. Most of the other discrepancies involved minor adjustments to 
the rhythm of the final note in some of the excerpts. Extracted from a given context, some 
of the excerpts ended in an abrupt fashion that would have clearly affected the experiment. 
It was considered important to reduce that factor as much as possible though it 
compromised the integrity of the original composition. Thus the length of the final note was 
altered in some of the excerpts. It was not considered a significant enough change for a 
claim to be made that the repertoire was not representative of that which is found in the 
standard opera repertoire. 
In order to have a good basis for comparison, and to reduce confounding factors, only one 
instrument was used for all four categories of excerpts. Though results from the use of 
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only one instrument may not necessarily apply to any other instrument, further 
experimentation could reasonably investigate this point. However the addition of a second 
instrument with four more musical excerpts would have added further factors to the 
experimental design. It may have followed that in order to avoid ambiguity in the results it 
could have been necessary to have an additional 48 subjects exclusively for the second 
instrument, and then at least another 48 subjects as a control and used randomly on both 
instruments. This number of subjects seems excessive for this early stage in large sample 
experiments when there is still much information to be gleaned from restricting the 
experimentation to the use of a single instrument. 
3.4 Procedures 
3.4.1 Introduction • 
In this section the exact steps taken to collect data will be presented. It will be made clear 
when, where and how the data were collected. The equipment used will also be outlined 
and the steps taken to calibrate the equipment explained. The techniques used to analyse the 
data in support of the hypotheses will be outlined and presented. 
3.4.2 Data collection and analysis 
The data were collected over a period of several months. Unfortunately the duration had to 
be extended due to unpredictable incidents for example: the experimenter's computer was 
stolen twice. Fortunately the nature of the experiment was such that the delay cannot be 
said to have had any effect on the results. The data already gathered did not age, and the 
subjects were willing to be postponed until the experiment could proceed. 
The procedure was first designed and tested on a musically untrained subject. Some 
changes to the procedure were made and the procedure was again tested on a musically 
untrained subject. The procedure seemed satisfactory and it was then tested one last time on 
a musically trained subject. The changes made during the course of this testing were to 
provide subjects with the short but comprehensive document and to provide subjects with a 
brief tutorial/demonstration of the Director Musices before beginning the first trial. 
Dedicated musical examples were used. 
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As already stated above, the data were produced by 24 musically trained subjects and 24 
musically untrained subjects in three trials each. The trials were usually separated by a day, 
never more than two days, and no subject had more than one trial on the same day. 
Subjects were invited to participate by posted invitations and by word of mouth. No 
subjects were given any particular incentive or encouragement to participate. Once a subject 
volunteered, they were given a copy of the questionnaire and the introductory document, 
and appointments were made for the three trials. 
The trials took place in a dedicated environment at the University of Surrey Music 
Department. A quiet room was used that had few distractions, but was not so bare as to be 
cold or forbidding. Subjects were invited to sit down and asked if they had read the short 
document. If they indicated that they had, then the experimenter proceeded. If they 
indicated that they had not read the short document, then the experimenter provided himself 
with an excuse to leave for a few minutes and suggested to the subject that the document be 
read during the absence of the experimenter. On the return of the experimenter, the subject 
was assumed to have read the document and was given a pair of headphones to put on. 
Once the subject was wearing the headphones, the experimenter continued with a brief 
tutorial. Using the excerpts specifically chosen for the tutorial, the experimenter asked the 
subject to listen to a given excerpt. After the audition of the excerpt the experimenter moved 
one of the sliders the subject would later use to a degree that would affect the given excerpt 
as much as possible. The implementation of the slider was applied to the excerpt and the 
subject asked to listen again. After the audition of the altered excerpt the subject was asked 
if there was a difference in the performance. It was only a rare exception when a subject 
indicated that they had not heard a difference. The affirmations of perception were usually 
very strong and frequently with humour as if to suggest that the experimenter might be 
joking to suggest that there may have been no difference in the performances. The purpose 
of the tutorial was to set the subjects at ease, to demonstrate the use of the computer, and to 
confirm that the subjects could hear the effects of the sliders. The purpose of confirming 
the effects of the sliders was not to derive any experimental information, but to be sure that 
no nuisance factors due to possible physical limitations of a given subject could enter into 
the results. The subjects were instructed to move the sliders anywhere along the scale from 
o - 5, but not to move below 0 into the negative. They were also informed that 0 was 
considered a valid setting of the slider. The entire introduction and tutorial usually lasted 
less than ten minutes. 
After the tutorial the subjects were invited to take a short break before beginning the first 
trial. The experimenter loaded the appropriate musical excerpt into the Director Musices 
application and the subject was then given the seat in front of the computer and the 
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headphones near the computer. The experimenter sat in a seat with the computer keyboard 
in his lap, slightly behind and as far away from the subject as the cord connecting the 
computer keyboard to the computer would allow. When the subject declared themselves 
ready to begin, the experimenter took a screen shot and the trial began. Every time the 
subject had finished moving the sliders but before the subject listened to the results of 
shifting the sliders a screen shot was taken. Screen-shots were not taken when the subject 
moved the sliders but did not listen to the effect, nor when the subjects listened to the 
excerpts more than once without changing the position of the sliders. Data thus gathered 
was an image of the positions of the sliders for each excerpt in every trial. The Apple digital 
clock was also set to read out seconds so data regarding the time-lapse between each setting 
of the sliders and overall time lapse was also gained. In total, 3878 screen shots were taken 
of the musically trained subjects settings and 3156 screen shots were taken of the musically 
untrained subjects for a total of 7034 screen shots. 
Unfortunately it was decided only after the short introductory document was printed to set 
the monitor to black and white in order to reduce the memory requirement for the screen 
shots. That created a small discrepancy between the instructions in the short document 
handed out and the actual experiment since the document stated that the control buttons in 
Director Musices are pink and in fact the subjects were faced with only greys. It was 
decided that the discrepancy and the potential nuisance factor were insignificant and no 
changes were made to the short documents. Thus the subjects proceeded to change sliders 
and listen to the effects and the experimenter proceeded to take screen shots until such time 
as the subject indicated that they were satisfied with the setting of the five sliders at which 
they had arrived. At that point the experimenter took a final screen shot and then loaded the 
next excerpt to be processed into the Director Musices application. Each subject processed 
four excerpts in this manner for each trial. At approximately twenty minute intervals and at 
an appropriate moment when a subject had finished an excerpt, the experimenter 
encouraged the subject to take a break. Once the subject had finished all four excerpts 
assigned to the trial, the subject was thanked, reminded of the next appointment, and 
released. 
The experimenter then collated the screen shots into dedicated files and recorded any events 
of the trial that might be considered nuisance factors. In total 56 subjects were used in order 
to produce useful data from 48. The additional subjects were needed for various prosaic 
reasons, mostly because subjects did not appear for trials, though unusual behaviour did 
occur. For example in one case a subject was discarded because it took the subject well 
over an hour to complete only two excerpts. Once a subject had completed three trials the 
data contained in the screen shots was transferred to a computer data-base. 
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Once the data was available in an organised fashion, it was examined with standard 
statistical tools. Statistical methods used included general statistical descriptions such as 
mean, median and standard deviation, and extended to include standard ANOV A and a 
variant on the ANOVA the GLM test. Graphs were used to explore and clarify various 
aspects of the data. The nature and purpose of the various tests used are discussed as they 
appear in this paper. 
3.4.3 Hardware and Software 
The primary software used was the Director Musices software as discussed above. 
Additional software used was OMS (Opcode 1993), Apple MIDI Manager (Worthington 
1988), Apple MIDI Driver (Marsh 1988), Patchbay (Lentczner 1988) and the sequencer 
Vision (Opcode 1993). To collate and analyse the data, Claris Works 2.0Bv1 (Holdaway 
& Hearn 1993), CA-Cricket Graph III version 1.5.2 (Computer Associates International 
1992) and Minitab 8 (Schaefer & Farber 1992) were used. The hardware consisted of an 
Apple Quadra 950 (with associated peripherals), an Opcode Studio 4 MIDI Interface, an 
Akai S3000 sampler, Sennheiser HD40 headphones, and various cables. The sound 
samples used for the Akai sampler were all drawn from the McGill University Master 
Samples CD-ROM for Akai Samplers Volume 1 (Opolko &Wapnick 1993). 
3.4.4 Calibrating the Akai S3000 sampler 
A problem arose with the relationship between the algorithms used in the Director Musices 
performance rules, and the coding of MIDI instructions. The problem was the relationship 
of the MIDI instructions with the actual audio output from a given sound generator. A 
MIDI message that controls volume does not specify an actual level in dB. The message is 
given in terms of an arbitrary scale from 0 to 127. Thus in general, MIDI messages might 
elicit different dynamic responses from different sound generators and therefore a given 
message output from Director Musices might cause different samplers to produce different 
audio output in terms of the dynamic range. To accommodate the discrepancies, the 
alterations to a music file created by the Director Musices are adjusted depending on the 
sound generator used. There is a menu provided for the user to select and identify the 
sound generator to be used. Thus the actual effect of the Director Musices application is 
consistent for the samplers included within the program. Unfortunately the Akai S3000 
was not one of the sound generators originally included in the Director Musices. Therefore 
the volume level response to MIDI messages of the Akai S3000 was measured and 
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dedicated code was written into the Director Musices corresponding to the behaviour of the 
Akai S3000 sampler. 
To test the Akai S3000 sampler, audio output for both "velocity" messages and 
"continuous-control" messages were measured using a Neutrik Audio Transmission Test 
Set TT402 and the software MAX (Opcode 1988). A simple patch was built in MAX that 
permitted the user to send MIDI note-on and note-off messages, and independently send 
MIDI velocity messages and MIDI continuous control volume messages. 
To test the MIDI velocity messages, the note 'C' at 261.6 Hz was selected as the tone to be 
produced by the Akai S3000 and measured by the Neutrik. The Akai S3000 permits a user 
to configure and specify the dynamic response elicited with MIDI velocity messages by 
changing the "Loudness" setting on the "out" page called up with the "edit-program" 
button. Therefore it was desirable not only to identify what the actual response of the Akai 
S3000 is, but what is the setting within the Akai S3000 that specifies the maximum 
dynamic range across all of the 127 possible MIDI velocity messages. To find the widest 
dynamic response, the effect of velocity on output level was set within the Akai S3000 
Sampler to three different settings and measured for each setting across the complete range 
of applicable MIDI note-on messages. The three internal settings of the Akai S3000 tested 
were: +18, +50 and +20 the last being the factory standard setting. The actual test 
procedure was as follows: in the MAX program, a MIDI note-on was specified for 'C' 
with a velocity message' 1 '. The resultant tone was then measured using the Neutrik and 
the level recorded. Then a new note-on was specified for 'C' with the velocity message 
increased by 1. The new tone was then measured and the new level recorded. When 
appropriate, all 127 MIDI messages were thus tested and recorded - it was inappropriate to 
measure all 127 possible MIDI messages when no changes occurred after a given message. 
The results were as follows: at an Akai S3000 loudness output setting of +18 the overall 
level range was 21.4 dB. At an Akai S3000 loudness output setting of +50 the overall level 
range was 41.9 dB and at an Akai S3000 loudness output setting of +20 the overall level 
range was 23.8 dB. Although the results indicated that the dynamic range of the Akai 
S3000 at +50 is considerably greater than at +20, unfortunately the maximum was reached 
at the MIDI velocity message '91 '. In various further short tests, it thus became clear that 
when the "Loudness" scale is changed in the Akai S3000, the user not only changes the 
actual range in dB, but also the rate of change across the range of MIDI note-on messages. 
At settings greater than +20, the MIDI velocity messages are effectively dropped at the top 
end of MIDI messages, and the range of MIDI velocity messages is increasingly reduced as 
the "Loudness" setting is increased. At settings less than +20, the overall change in level is 
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less than at +20 though the range of MIDI velocity messages does not seem to be altered. 
Thus the widest dynamic range that uses all 127 MIDI velocity messages occurs when the 
Akai S3000 "Loudness" setting is the box-standard factory setting. With the "Loudness" 
setting in the Akai S3000 set to +20, the level range was measured for MIDI continuous 
control volume messages in two tests. The fIrst test used a MIDI velocity message '60' on 
the note 'C' 261.6 Hz . The second test used a MIDI velocity message' 120' on the note 
'A' 880 Hz. The procedure was effectively the same as the previous tests except that the 
MIDI messages sent to the Akai S3000 were MIDI continuous control messages instead of 
MIDI velocity messages. The overall range was determined to be 42.7dB for the note 'C' 
and 42.1dB for the note 'A'. 
3.4.5 The quality of the instrumental sounds 
The stereophonic oboe samples from the McGill University Master Samples CD-ROM 
were used because at the time, they were the highest quality samples commercially 
available. The oboe was chosen because it is one of the easiest instruments to emulate in 
sound and performance rather than, for example, a violin. But for the purposes of the 
experiment, it was not considered necessary to make every effort to reproduce an acoustic 
instrument as closely as possible. It was considered sufficient to make reasonable efforts to 
ensure that the quality of the sound production was professional quality. The experiment 
related to the effects of altering the timing and volume in the performances of musical 
excerpts and the quality of sound production used in the experiment was sufficient to allow 
for the perception of the various alterations to the performances of the musical excerpts. 
As will be shown in the second experiment outlined below, it was necessary to make a 
distinction between the quality of the instrumental reproduction and the quality of the 
musical performance. In this fIrst experiment, the subjects implicitly accepted the unstated 
suggestion that the electronic sound they were hearing was an oboe and concentrated on the 
musical performance, i.e. the alterations that could be effected. It may be suggested that 
anomalies in the perfomlance of the musical excerpts arose due to the equipment or the 
sampled sounds. For example, it is true that the McGill sampled sounds demonstrate a 
certain eccentricity and a lack of total uniformity in volume and attack across the length of 
the musical scale. The implication of the existence of anomalies is that the subjects may 
have been trying to improve the recorded performances used as the samples, rather than 
only trying to produce an expressive performance of a given musical excerpt. Assuming 
that this possible concern may actually bear relation to reality, it will be seen as a benefit 
rather than a drawback. It points out an aspect that is in fact a reasonable emulation of an 
Determination of appropriate settings of performance rules 80 
issue that is addressed in the ecological environment i.e. all acoustic instruments have a 
pattern of characteristic behaviours that is neither uniform in a given instrument, nor 
consistent between instruments. Fortunately all subjects were using the same sampled 
sounds, or figuratively the same musical instrument, and had equal opportunity to control 
the same performance parameters. Thus the extent to which a given subject implemented 
the Sundberg rules in order to improve the sampled sounds or the audio reproduction, 
rather than exclusively the performance of a given musical extract is in fact irrelevant. 
Improving a given performance based on the nature of an instrument is as legitimate as 
improving the same performance based on the musical composition. 
Furthermore, it is true that the extent to which a given subject was attempting to do one or 
the other at any time is not revealed in these experiments. But the use of five Sundberg 
performance rules is insufficient to address subtle anomalies due to the characteristics of a 
given set of equipment and sampled sounds. Thus any distortion in the results due to this 
issue is considered exceedingly small and can easily be accommodated in the statistical 
analysis under the error due to unspecified factors. 
3.4.6 Limitations and delimitations of the first experiment 
As indicated above, one of the limitations of this experiment regards its inherent lack of 
ability to identify how much a subject is trying to address the instrumental performance of a 
sound, and how much a subject is trying to address the performance of a given musical 
extract. It has not been found anywhere that the art of performing music is defined 
according to the instrument on which the music is performed. In other words, the art of 
performing music seems to be understood as universal, and the art of using a given 
instrument seems to be seen as the mastery of a device in order to perform music artfully. 
The experimental set-up guaranteed all participants an equal and in fact fairly advanced 
mastery of the musical instrument in use, and therefore provided an opportunity for the 
subjects to focus mainly on the art of music performance. 
The experiment did not determine what were the elements in a given excerpt's performance 
that influenced subjects' decisions and alterations. Though subjects were clearly listening 
and responding to elements in the performances of the excerpts they heard, the experiment 
was not designed to reveal what those influencing elements were. The results of the 
experiment may reveal nothing about how subjects would implement many Sundberg rules 
as opposed to only the five used in the experiment. In other words, in the event that many 
Sundberg rules were provided to a subject in exactly the same experimental design, the 
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interactions and subtlety that result may yield results pertaining to the five rules used in this 
experiment that are different from the results of this experiment. 
The experiment was limited to extracts from the orchestral portion of one opera. Though it 
may be reasonable to suggest that the results from the experiment may be further applied to 
other orchestral operatic excerpts from the same style and period, it is not reasonable to 
suggest that the results from experimentation with one instrument are universal to all 
instruments, styles and periods without further experimentation. 
3.5 Experilnental results 
3.5.1 Introduction 
In this section, all the results from the experiment to determine appropriate settings of the 
Sundberg rules will be presented. The results will be presented with minimal discussion. 
Detailed discussion of the results and their significance is reserved for the following 
sections. 
3.5.2 Description of data 
A significant advantage of the Director Musices program is that it quantifies numerically 
the implementations of each performance rule. As a result, it is reasonable to enter the 
numbers provided by the Director Musices without any conversion directly into data bases 
to be later analysed in various ways. Recall that the procedure used to record the settings 
implemented by the subjects was for the experimenter to take a screen shot after a subject 
had finished moving the sliders, and before the subject listened to the effects of the sliders. 
Each screen shot contained seven pieces of information though only six were actually 
transferred to the data-base. The seven pieces of information were the number of the screen 
shot, the time of the screen shot and the setting of each slider. Transferred to a spread-sheet 
were all but the number of the screen shot since the spread-sheet already numbers each 
entry consecutively. Thus for the three trials of each subject, information from every screen 
shot was entered into a spreadsheet (the spread sheets will be found on the floppy disks 
attached to this dissertation, and the final settings for each subject will be found in 
Appendix V). Once the data was contained in spreadsheets for each subject, information 
pertinent to the research questions was extracted from all subjects and put into a single 
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spreadsheet. 42204 pieces of information from the trials plus 10 from the questionnaires 
for a total of 42684 pieces of information were entered into the subject specific spread-
sheets and checked before any analysis was done. 
3.5.3 Subjects and descriptive statistics 
Two groups of subjects were given three trials in which to process four musical excerpts. 
Table 3.1 presents the breakdown of the subjects according to age, gender, the approximate 
amount of time the subjects spend listening to their preferred music each week in hours and 
musical preference. Among the musically trained subjects, the largest proportion were in 
the 18 - 25 years age group, and the second largest proportion in the 31 - 40 years age 
group. Among the musically untrained, the largest proportion were among the 41 - 60 
years age group, and the second largest proportion among the 18 - 25 years age group. 
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Table 3.1 Breakdown of subjects used in the first experiment 
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There were almost twice as many musically trained female subjects as musically trained 
male subjects, and the reverse among the musically untrained. The largest number of 
musically trained subjects listened to music more than fourteen hours per week. The largest 
number of musically untrained subjects listened to music one to four hours per week. 
Among both groups, the most preferred music was classical though there were more 
among the musically trained who preferred classical music than among the musically 
untrained. There was a strong majority among the musically trained who least preferred 
rock music, and no majority among the musically untrained in any category. There were no 
subjects who least preferred classical music among the musically trained, and three subjects 
who least preferred classical music among the musically untrained. The subjects processed 
four musical excerpts. Every subject set five graphic sliders and thus implemented a certain 
quantity of the five given Sundberg performance rules for each of the four musical 
excerpts. Tables 3.2 - 3.6 present descriptive statistics of the final settings taken from the 
two subject groups - musically trained and musically untrained. The descriptive statistics 
are given for each performance rule, for each excerpt in turn. Recall that the five 
performance rules were: 
1. HL = 
2.RAD= 
3. Ph = 
4. LAD = 
5. Punct = 
High Loud 
Repetition Articulation Duration 
Phrase 
Leap Articulation Duration 
Punctuation 
~P-e-rf-. -R-u-Ie--,-'-'-- "---, M-. -T-ra-in-e-d---:-i M-.-U-n-t-ra-in-e-d--'j 
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Table 3.2 - Descriptive statistics of each rule's final settings for the slow-minor excerpt 
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In Table 3.2, presenting the statistics for the Slow-Minor Excerpt, the highest setting 
among the musically trained subjects (and therefore the rule for which a strong effect was 
desired) was for the High Loud rule. Among the musically untrained subjects the highest 
setting is found for the Repetition Articulation. The difference between the musically 
trained and musically untrained for the High Loud rule is 0.9 - a clearly perceptible 
difference. The difference between between the musically trained and the musically 
untrained for the Repetition Articulation Duration rule is 0.0 . The lowest setting among the 
musically trained subjects (and therefore the rule for which a weak effect was desired) was 
for the Leap Articulation Rule. Among the musically untrained subjects the lowest setting 
was also for the Leap Articulation Rule. The difference between the musically trained and 
untrained subjects for the Leap Articulation rule is 0.1, a difference that is not likely to be 
perceived. 
In Table 3.3, presenting the statistics for the Fast-Major Excerpt, the highest setting among 
the musically trained subjects was for the High Loud rule. Among the musically untrained 
subjects the highest setting is also found for the High Loud rule. The difference between 
the musically trained and musically untrained for the High Loud rule is 0.0 . The lowest 
setting among the musically trained subjects was for the Phrase rule. Among the musically 
untrained subjects the lowest setting was also for the Phrase rule. The difference between 
the musically trained and untrained subjects for the Phrase rule is 0.2, a difference that may 
be perceived by many, but probably not by most. 
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Table 3.3 Descriptive statistics of each rule's final settings for the fast. major excerpt 
Determination of appropriate settings of performance rules 8S 
In Table 3.4, presenting the statistics for the Slow-Major Excerpt, the highest setting 
among the musically trained subjects was for the Leap Articulation Duration rule. Among 
the musically untrained subjects the highest setting is also found for the Leap Articulation 
rule. The difference between the musically trained and musically untrained for the Leap 
Articulation rule is 0.3, a difference that is perceptible to most. The lowest setting among 
the musically trained subjects was for the Repetition Articulation Duration rule. Among the 
musically untrained subjects the lowest setting was for the High Loud rule and the 
Punctuation rule. The difference between the musically trained and untrained subjects for 
the Repetition Articulation Duration rule is 0.7, a difference that is clearly perceptible. The 
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Table 3.4 Descriptive statistics of each rule's final settings for slow-major excerpt 
difference between the musically trained and untrained for the High Loud rule is 0.3 and 
for the Punctuation rule 0.1 . The difference of 0.3 is perceptible to most, and the 
difference of 0.1 is not likely to be perceived. 
In Table 3.5 presenting the statistics for the Fast-Minor Excerpt, the highest setting among 
the musically trained subjects was for the High Loud rule. Among the musically untrained 
subjects the highest setting is also found for the High Loud rule. The difference between 
the musically trained and musically untrained for the High Loud rule is 0.4, a difference 
that is perceptible to most. The lowest setting among the musically trained subjects was for 
the Repetition Articulation Duration rule. Among the musically untrained subjects the 
lowest setting was for the Phrase rule. The difference between the musically trained and 
untrained subjects for the Repetition Articulation Duration rule is 1.0, a difference that is 
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Table 3.5 Descriptive statistics of each rule's final settings for fast-minor excerpt 
clearly perceptible. The difference between the musically trained and untrained for the 
Phrase rule is 0.2 a difference that may be perceived by many. 
Table 3.6 presents the rules that were set at the highest and lowest settings for each excerpt. 
Included are the differences between the musically trained subjects and the musically 
! . M. Trained tl Untrained 1 M. Untrained : tl Trained I 
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Table 3.6 Rules that were set highest and lowest for each excerpt 
untrained subjects in each case. It reveals that High Loud is set highest three ~imes by the 
musically trained subjects, and twice by the musically untrained subjects. The musically 
unt~ained set the High Loud rule at the highest in the same excerpts as the musically 
trained. The difference in the High Loud settings between the musically trained and 
untrained subjects is non-existent in the first case (Fast-Major excerpt), and 0.4 i.e. 
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moderately perceptible in the second case (Fast-Minor excerpt). In the remaining excerpt 
(Slow-Major) both the musically trained and untrained subjects have again selected the 
same perfonnance rule to be set as the rule with the strongest effect i.e. Leap Articulation 
Duration. The difference between the mean settings of the musically trained and musically 
untrained listeners for the Leap Articulation Duration rule is 0.3. a difference that is just 
perceptible to most. Of the rules set at the lowest settings. the musically trained subjects 
and musically untrained subjects agree in two cases. the Slow-Minor and the Fast-Major 
excerpts. For the Slow-Minor excerpt the rule with the lowest mean setting in both subject 
groups is the Leap Articulation Duration rule. The difference between the mean settings of 
the two subject groups is 0.1, a difference that is not likely to be perceived. For the Fast-
Major excerpt the rule with the lowest mean setting in both subject groups is the Phrase 
rule. The difference between the mean settings of the two subject groups is 0.2. a 
difference that may be perceived by many. The musically trained and musically untrained 
subjects do not agree on the rules with the lowest mean settings for the Slow-Major and the 
Fast-Minor excerpts. In both cases the musically trained listeners selected the Repetition 
Articulation rule. The differences between the musically trained subjects' setting of the 
Repetition Articulation rule and the musically untrained subjects' setting are 0.7 and 1.0 for 
the Slow-Major and Fast-Minor excerpts respectively. strongly perceptible differences. The 
lowest mean setting of the musically untrained listeners reveals the HL + Punct rules for the 
Slow-Major excerpt, and the Phrase rule for the Fast-Minor excerpt. The differences with 
the musically trained subjects' setting of the rules in each case is 0.3, 0.1 and 0.2, 
differences that are moderately perceptible or only just perceptible to some . 
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Table 3.7 Mean of the Means for each performance rule 
Table 3.7 presents the Mean of the Means for each perfonnance rule from all excerpts for 
musically trained and musically untrained subjects. The highest mean setting for the 
musically trained and musically untrained subjects is the setting for the High Loud rule. 
The difference between the two settings is 0.4 .The musically trained and musically 
untrained subjects agree with no difference on the mean settings for the Phrase and 
Punctuation rules at 1.0, the lowest settings. The mean of the musically trained subjects for 
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the Repetition Articulation Duration rule is also shown to be 1.0 but does not agree with the 
musically untrained subjects mean of 1.3, a difference of 0.3 . Finally, if the mean of all 
means is calculated, then it is determined to be 1.18 for both musically trained and 
musically untrained subjects. 
3.5.4 Correlations 
One of the issues that will be touched on in the discussion below regards the question of 
learning. It will be suggested that due to the repetitive nature of the task, an increment in 
correlation between trials may suggest that learning has taken place. It will be recalled that 
in the experimental design only two of the four excerpts were assigned to each subject to be 
processed in all three trials. One of the two excerpts processed by the subjects three times 
was processed first at the first trial and last at the third trial. The other of the two excerpts 
was processed randomly. It is possible to look for a trend in the correlations by calculating 
the correlations between the final settings of the first and second trials, the second and third 
trials, and the first and third trials for each of the two excerpts. The following graphs 
display best-fit linear curves based on plotting the results of all trials against the results of 
the others. Specifically the three curves in every graph display the best-fit linear relation 
y. (a) Trial 1 
(b) Trial 1 
(c) Trial 2 
6.0 
5.0 
4.0 
3.0 
2.0 
1.0 (c) r.,. 0.72 
0.0 -t----y--.,----r--,...----.----. 
0.0 1.0 2.0 3.0 4.0 5.0 6.0 
(a) Trial 2 
(b) Trial 3 
(c) Trial 3 
Graph 3.1 Three curves representing the best-fit linear relation between trials of excerpt 1 
(processed first and last) - within all musically trained subjects. 
Correlation between Trial 2 and Trial 1 is given when x.,. Trial 2 and y _ Trial 1 as r.,. 0.57 
Correlation between Trial 3 and Trial 1 is given when x - Trial 3 and y _ Trial 1 as r.,. 0.50 
Correlation between Trial 3 and Trial 2 is given when x • Trial 3 and y • Trial 2 as r _ 0.72 
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Graph 3.2 Three curves representing the best-fit linear relation between trials of excerpt 2 
(processed at random) - within all musically trained subjects. 
Correlation between Trial 2 and Trial 1 is given when x _ Trial 2 and y - Trial 1 as r. 0.59 
Correlation between Trial 3 and Trial 1 is given when x • Trial 3 and y - Trial 1 as r. 0.55 
Correlation between Trial 3 and Trial 2 is given when x • Trial 3 and y - Trial 2 as r - 0.80 
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Graph 3.3 Three curves representing the best-fit linear relation between trials of excerpt 1 
(processed first and last) - within all musically untrained subjects. 
Correlation between Trial 2 and Trial 1 is given when x = Trial 2 and y a Trial 1 as r = 0.35 
Correlation between Trial 3 and Trial 1 is given when x = Trial 3 and y _ Trial 1 as r = 0.33 
Correlation between Trial 3 and Trial 2 is given when x - Trial 3 and y • Trial 2 as r. 0.55 
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(a) r - 0.51 
(b) r - 0.43 
Graph 3.4 Three curves representing the best-fit linear relation between trials of excerpt 2 
(processed at random) - within all musically untrained subjects. 
Correlation between Trial 2 and Trial 1 is given when x _ Trial 2 and y - Trial 1 as r - 0.51 
Correlation between Trial 3 and Trial 1 is given when x • Trial 3 and y • Trial 1 as r - 0.43 
Correlation between Trial 3 and Trial 2 is given when x • Trial 3 and y - Trial 2 as r - 0.55 
between trial two and trial one, trial three and trial two, trial three and trial one for all 
musically trained, and all musically untrained subjects as indicated. Accompanying the 
graphs is the correlation data related to each representative curve. 
Correlation is discussed in terms of 'r', the correlation coefficient, and given to two 
decimal places as a number between 0 and 1. The closer the number is to 1, the stronger the 
correlation is assumed to be. The context of correlations must always be considered 
carefully because of the potential for spurious conclusions. 
For example, it may be possible to calculate a high correlation between crop yield in the 
U.K. and the consumption of beer for a given summer period. In fact, it is more likely that 
both depend on the weather than on each other. In this experiment, the correlations are 
drawn between tasks that are the same. Hence it is likely the calculation of correlations 
provides reasonable results. 
The correlations are given on the graphs, and tabulated for further clarity in Table 3.8 - the 
strongest correlation is shown between trial 3 and trial 2 in every instance. To summarise 
the correlations: a moderate correlation is found between the final settings of the Sundberg 
Performance rules in trial 2 and triall, a lesser correlation between trial 3 and trial 1, and 
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the strongest correlation between trial 3 and trial 2. The musically trained subjects 
demonstrate stronger correlations than the musically untrained subjects. 
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Table 3.8 - Correlations between the final settings of the performance rules 
3.5.5 GLM test - a brief review of terminology 
An analysis of variance was perfonned on each of the Sundberg Perfonnance Rules using 
the General Linear Model (GLM) test available in the Minitab software package. Before 
proceeding with the presentation of results, a brief review oftenninology may be useful. 
Analysis of variance, commonly referred to as ANOVA, is a collection of statistical 
procedures useful for testing several differences simultaneously. For example, when 
developing a new recipe, a cook may wish to know which of several ingredients and their 
combinations caused one cake to be superior to another. In statistical tenns, ANOV A is 
used to test the differences between the means of several groups of data. The analysis also 
considers those factors, known or unknown which cause the variability in the means of the 
groups of data. To clarify further, the question arises whether a given difference in results 
is due to error and is not significant, or whether the difference is due to identifiable factors 
and if so, to what extent. The total variance of results in a given set of data may be divided 
into 'systematic variance' and 'error variance'. Systematic variance refers to that part of the 
total variance that may be attributed to factors which directly affect the results. Error 
variance refers to that pan of the total variance that may be attributed to random causes and 
error. The ANOY A test is able to break systematic variance into parts and assign levels of 
significance to given factors thus indicating which factors affect results. Basically the 
ANOY A assigns levels of influence to given factors by comparing the variability between 
the means of data sets with the variability between the individual data points within the data 
sets. The ANOY A is also able to test variance in results that include multiple variables. This 
is important because many experimental situations involve many ancillary variables and 
factors which may have an impact on the results, though the variables themselves may not 
be of particular interest to the experimenter. If the ancillary variables are ignored, they may 
interfere with the results and cause sufficient noise to obscure or invalidate the results. By 
incorporating as many variables and factors into a problem as may be reasonably 
considered, the subsequent ANOYA will be founded on a more generalized linear model 
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and will permit the experimenter to consider or reject all ancillary variables. In ANDV As 
which examine multiple independent and dependent variables, the AND V A procedure is 
also able to reveal the levels and significance of interaction between factors, in addition to 
the level of significance of individual factors on their own (Byrkit 1987). 
The goal of ANDV A is to compare the means of the treatment factors to determine if they 
are all equal - in other words, the null hypothesis assumes that the means are equal, and 
that any variability that is present in the actual data is due to error. The F test is used in 
ANDV A to test whether the variances in the data are indeed equal. By combining the results 
of an F test with a measure of probability, one is able to suggest whether the null 
hypothesis should be rejected. For example, if one were to consider all possible estimates 
of the variance for a given population and pair them, the ratio of all possible pairs would be 
called the F distribution. Because the F test is based on ratios, the null hypothesis is 
sustained as long as the results of the ratio are within certain limits. Hence with relatively 
small values ofF, the null hypothesis is sustained, and with relatively large values ofF, the 
null hypothesis may be rejected. Thus, there is a critical value for F tests at which point the 
null hypothesis may be rejected. The critical value is given in tables in relation to values of 
'P' probability. With modern computing, probability is included directly in the results of 
ANDVAs. The probability indicates the confidence one may have in the results of an F test 
and in the context of a complete ANDV A, one can usually observe which factors are 
significant without recourse to F tables. To elaborate, given an F test result for a single 
factor of 7.26 with 98% probability (P = 0.02) occurring among 6 results for other factors 
in which the F tests were all below 1.0 with probability less than 95% (P > 0.05), one 
would conclude that the single factor which had an F test result of 7.26 was a significant 
factor and the apparent variance not within the likely limits of error (HoeI1984). 
It should be noted that probability is given in terms of the likelihood that the results are not 
accidental- hence P=().05 is 95% probability of occurrence. P=O.02 is 98% probability of 
occurrence. Probability less than 0.05 is any number n > 0.05 with probability less than 
95%. It should also be mentioned that there are usually a certain number of data points that 
cannot be accounted for in an ANDV A and associated with a given factor or interaction 
between factors. Such unascribable data points are termed residuals. Finally, the GLM test 
is a general application of the ANOV A to experimental designs in which the factors to be 
considered are not fully balanced in the same manner through the whole data set. 
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3.5.6 GLM test 
The GLM was perfonned on the results from both the musically trained and the musically 
untrained subjects combined and independently of each other. The results are presented 
here, and the significance of the results will be discussed in depth in the discussion below . 
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Table 3.9 - Main factors which influenced the settings of the variables 
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The GLM test considered three factors in every case: (1) Trial (2) S/F i.e. Slow 
Excerpt/Fast Excerpt (3) -/+ i.e. Minor Excerpt/Major Excerpt. The "Trial" factor had three 
levels and the S/F and -/+ factors had two levels each. For the S/F factor, slow is 
represented by the number I in the results, fast is represented by the number 2. For the -/+ 
factor, minor is represented by the number 1 in the results and major is represented by the 
number 2. In addition to the three factors common to all three GLM tests performed on the 
results of the first experiment, the GLM for the combined groups of subjects included the 
factor of musical training represented in the associated GLM by T/U i.e. TrainedlUntrained 
(the results of the GLM tests may be found in Appendix I). 
Some large residuals are present in the test on the combined groups of subjects and in the 
individual tests on the musically trained subjects and the musically untrained subjects. The 
combined GLM test shown above produces 22 residuals for the RAD variable, 21 residuals 
for the Ph variable, 20 residuals for the LAD and HL variables respectively and 19 
residuals for the Punct variable. In an examination of the two separate GLM tests on the 
two subject groups contained in Appendix I, one notes that with 15 residuals, the Phrase 
variable in the musically tr.lined subjects has the highest number of residuals. The LAD and 
RAD variables in the musically trained subjects have 13 residuals each. All other variables 
have fewer residuals. Extracted from the three ANDV As, Table 3.9 above summarises the 
factors which seem to have had the significant effect (P < 0.05 except where indicated 
otherwise) on the subject groups combined as well as on the independent subject groups -
musically trained subjects and musically untrained subjects - when setting the variables. 
Included in the table are the results of the related F tests and probability P. 
From Table 3.9 one observes that the factors which influenced the settings of the HL 
variable for both musically trained subjects and musically untrained subjects were the 
modality of the excerpt (major or minor), the tempo (slow or fast), and the interaction 
between the two factors. The factor which influenced the settings of the RAD variable for 
both musically trained subjects and musically untrained subjects was the interaction 
between the modality of the excerpt and the tempo i.e. S/F*-/+. The musically trained 
subjects were also influenced by the Trial factor. The factor which influenced the settings 
of the Ph variable for both musically trained subjects and musically untrained subjects was 
the tempo of the musical excerpt. The factor Trial also influenced the settings of the Ph 
variable for the musically untrained subjects. No factor was shown to significantly 
influence the settings of the LAD variable for either musically trained subjects or musically 
untrained subjects. The factor Trial was shown to influence the settings of the Punct 
variable for the musically untrained subjects only. No factor was shown to significantly 
influence the settings of the Punct variable for the musically trained subjects. 
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3.5.7 Confidence interval 
The question will be raised in the discussion regarding the reliability and therefore the 
usefulness of taking the mean for each performance rule in the context of each musical 
excerpt. Finding the confidence interval is an effective way to determine the variability 
about a mean. Given the standard deviation one can determine the possible values of the 
mean that would make the sample likely to occur. More simply, a 95% confidence interval 
means one can be 95% confident that the mean value will lie within the given range. The 
means and standard deviations for all results from the final trials of both groups of subjects 
were determined. This yielded 40 means in total i.e.: 5 performance rules * 4 excerpts * 2 
subject groups. Of the 40 occurrences, it was found that there were in fact 11 standard 
deviations that arose. Using the standard deviations, the CIs were determined (Appendix 
VII). Table 3.10 presents the eI's for the results from the final trials of both groups of 
subjects. The CI's are given in relation to the standard deviations that were calculated for 
the means of the results. As indicated, one of eleven standard deviations were calculated for 
each of the means. The occurrence of each standard deviation is given in numbers and as a 
tally count. The tally count also indicates the number of occurrences in either of the two 
subject groups; i = musically trained subjects, I = musically untrained subjects. As can be 
clearly seen from the tally count, the standard deviations occur in reasonably good normal 
distributions. The existence of a normal distribution reinforces the standard treatment of the 
data for both subject groups. If the standard deviations had been skewed, for example if the 
standard deviations for the musically trained were concentrated at one end of the scale with 
the standard deviations for the musically untrained at the other end of the scale, then one 
might have suggested that musical training may be related to error and consistency. 
Because both groups of standard deviations are distributed approximately in normal 
distributions, no differences between groups may be suggested from this perspective . 
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Table 3.10 - Confidence intervals for the results of the final trials 
Determination of appropriate settings of performance rules 96 
.;.~Q~r.P.~ ................. ~.H!-:.......... . ... :.~Q ............. leb ............... _l.!-AP .............. ~eY.r.~~ ........ .. 
. § .. 7 ............................ : ................. : .. ··· .... ·· ............. \ ........................ \ ........................ 1 ....................... . 
Mean : 2.2 ± 0.5: 1.7 ± 0.511.5 ± 0.510.8 ± 0.4 1 1.0 ± 0.4 
:M~~:i~:Q::::::::::.·.::::::::: .. ::·. :·:i:~qL:::·::::::i~:49.r:::::::::::i~:~9.r:::::::::::9.:.:~9.r:::::::::::9.~:~9. 
.§~~f.lg.~rQ .. P..~y. .... : ........... .J .. ,.~.q.; ........... .J .. :.?.9.) ........... J .. :.?..Q.) ............. Q.:.~.Q.; ............ .Q.:.~.9. 
SEMean 0.26: 0.251 0.261 0.18: 0.19 
................................... : ............. ,... . ..... ··········· .. ·······r··················· .. ··1'······ ...... ··n·······r·············· .. ······ 
F+: '" 
..................................... ,' •••••.•••.••.••...•••• ~ •••••.••••••••••••••••• "!" •••••••• n •••••••• " ••••• : .......................... :•••••••••••••••••••••••• 
. M~.?.r:!... .................... ~.2:.9 ... ~ .. q,.§.L.1.:.? .. * ..9.:.?..~.9..& .. ;Lq:.~.~J.. .. L;!; ... 9.:.4 .. ~J.:.L.;!; .. .9.:.?. 
Median 1.70: 1.001 0.401 1.001 0.60 
·St~~d~~d .. D·~~ .... : .......... · ..1 .. :·5·0; ...... · ...... 1 .. :·1 .. oT ............ o·:·]·0'1' ...... · .. · .. 1 .. :·0·01' ........ · .. ·1·:·3·0 
:§g~~~:::::::::::::::::~::::·::·::::9.;:~9::::::::::::::9.~:??L:::::::::Q;:i;!L:::::::::Q:.:g:iL:::::::::9.~i!. 
.§.:t.................... ......... ...... . . ....................... : ........................ : ........................ : ....................... . 
Mean 1.0 ± 0.5: 0.4 ± 0.3 i 1.1 ± 0.4 11.2 ± 0.5: 0.8 ± 0.3 
........................ , •• ,........ ........... • ........................................ u .... u •• ~ ........................ n .......... ' ......... .. 
Median 0.40 0.00: 0.701 0.90. 0.50 
·.~.i~D.~.~.~~.· ... ·P.~y:· ..... ; ..· .... · .. 1·.·:2 0·:· .... ··· ........... 9 .. :.i..9.L ....... · ............ i.~·.9 .. 9r .................... i:i.9 .. ; ................. · ....... 9::.i.:9. 
SEMean 0.24· 0.15: 0.211 0.22: 0.14 
.. f.:.; .. :: .. ::: .. :: .. : .... ::: .... :: ....... : .... :~.. . .. ................. ' .... ~: .......... : .. :: .. :: ........ : ...... I ............... · .... : .................... ~:::::::: ... ·: ....................... T .....· .......... · ........ :.:: .......... .. 
Mean ; 2.0 ± 0.6 0.2 ± 0.2! 0.6 ± 0.311.2 ± 0.5 ~ 1.0 ± 0.4 
·M~di~~· ............ · ...... ~· ........ 1·~50·;· .. · ...... 0:·oC;r .. · .... · .. ·0·:5ct .. · ...... ·,·~oo~ .. · ...... · .. 0-::i·o Table 3.11 - Mean 
:$.~:~~~:~:~~::R~:~:::::::· .. :::·:.::~:::4.Q:::··:::::::::q:;·4:9T:::::::::::9.:::~:9.L:::::::::i:;::9.;:::::::::::::;::;:9.:9. settings for musically 
SEMean __ . __ Q .. ?~. 0.081 0.12 1 0.22 0.21 trained subjects 
.~~~~.~.rp.L ......... : ~k ... .. :.BAP ............ 1.p.D. ................. i.!:Ap. .............. :.P..U..~9.L ...... . 
........................ , .................................. ··• .... ••••· .. ·010·· ...... •• ...... • .. ····y· .. ········ ........ ·· .... ·· ...... · ............ . 
. M~.~r.1.. ................... :. L~ .:1;" 0.5.L.t? ... :t.9.&I..1.:?. ... ; ... 9.:~.l.9.:.~ ... ; ... 9.:1..;..1.:?. ... ; ... 9.& 
.M~9.!~D........... .. ............ ..1. ~.o 9.~ .......... .1..:.4.9) ............ J..:.9.9.\ ............. 9..:.~.9.: ............ .1..:.9.9. 
Standard Dev 1.10: 1.10i 1.101 0.90 1 1.20 
.$.:~:~~Q::::::.::::::::::::::.::::::::.9.:. ?~:~ .. ::::::::::9.~:??I::::::::::::9.;,?iL::::::::::9.;,i~::::::::::::::9.j;! 
. . 
.f:t ............................. , ............................................... L. ...................... ; ........................ : ....................... . 
Mean ; 2.0 ± 0.6: 1.3 ± 0.5 i 0.8 ± 0.4 11.4 ± 0.5: 1.2 ± 0.5 
i:M~~:i~:Q::::::::.. "":::'.':.:.' ':.1' . 5 0 :~:: .. ·:·::::.i:.:i9.L:::::::::i:~9.L:::::::::i:;i9.~::::::::·:::9.;'ZQ 
l.~t?'.Q9.?.r9. .. P~.y...... . J. 40.; .... "" L.1.9.; ............. 9.:.~.9.L.. ......... J .. :J.9.i ............. LJ.9. 
i.§t=.~~~.... . ... ... . . .9 .. 28.: ....... .9.:.??.l.. ........... q.:J..~.; ............. 9..:.~.~.: ............ () ... ?~. 
i.~ .. "t..... ..... ..... .......... .. ' .................... : ......................... , ........................ : ....................... . 
I.M~~n.......... .. ..... :. q. 7 .;t .0 .. 4 .J .'J. .. *-... q.'.?..Lt·J ... ;!; .. .9:.(J.'.? ... ;j; ... 9:.? .. ~.9:.? ... *-.. .Cl:.~. 
I.M~9.!~D........... .. .... :.... . ..... (). 40; ........... .9..:.~g.; ........... J .. :.9.g.l ........... J .. :.~.9.L ............ 9.&9 . 
. ~H~Q9.~r.~ ... p.~~ ................ 9·. 9 q~ .......... .J.:..1.9.L ......... J..'.9..9.l.. ........ .J . .'.~9..~ ............ 9..'.?9. 
l·.i·;·~·.~.·.·.·.·.· .. ·.· ................. : .............. ~ ... 1.8 .. : ...................... ~~.~ .. : ... ; ..................... ·.·.~ .. :·.~.·.~.r.· ............ : ..... ·.~ .. :·.~ .. ~ .. : .... : ................. ~:~ .. : .. ~ . . M~~D.............. . ..... :..1.:.6 .. ; ... o. 6 .U.:? ... ; ... 9.:~.L9.& .. ; ... 9.:~.L.1.:.9. ... ; ... 9.:~.;.9.:.~ ... ; ... 9.:5.. M~9.i.~.IJ .............. '...... ..,!,.2Q: ......... 9 ... ~9..~ ........... .9..'.?9.L .......... 9..'J~q.~ ............. 9..'.~.9. Table 3.12 - Mean f.~t?.r:19.~r9. .. Q,ey' .... :. ..1 .. 50.:.. ......... L.?q.L ............ 9.:.~.9.: ............. ().&9.; ........ .... 9.:.~9. settings for musically 
I SEMean . ____ ... _0.3Q,;.,__ 0.25: 0.15: 0.16: 0.19 untrained subjects 
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Tables 3.11 and 3.12 present the means for each performance rule within the context of 
each musical excerpt and included with the means are the confidence intervals. All CI at the 
95% confidence leve1.To summarise the two tables, the CI's indicate an acceptable interval 
about the related means. The confidence intervals are not excessive. Except for HL and 
RAD in the S+ excerpt of the musically trained subjects and RAD in the F- excerpt of the 
musically untrained subjects, the confidence intervals account for the median as well. The 
Standard Error of the Means indicates small variability in the distribution of the means. 
3.6 Discussion 
3.6.1 Introduction 
The following discussion will begin with an overview of the significant findings of the 
study. The findings will be considered in the context of current research studies and some 
implications for current theories will be suggested. Limitations of the study will be 
discussed and recommendations for further research related specifically to this study will be 
proposed. The discussion will revolve around research questions related to the study. The 
principal purpose of the discussion is regarded as a provision of answers to the specific 
research questions drawn from the results of the study. 
3.6.2 Overview of findings 
Two groups of twenty four subjects generated settings of five of the Sundberg performance 
rules as implemented in the Dtrector Musices software for four monophonic musical 
excerpts in three trials. The final settings of all subjects were collated, tabulated, analysed, 
and the results were then organised and presented in the previous section. 
3.6.3 Reliability 
The first research question to be answered regards the reliability and rigour of the study. 
The materials used in the study have been discussed appropriately among the materials and 
instruments sections above. They have been seen to be of a sufficient standard to yield 
reliable results. All data provided and used in the tables is given at a minimum 95% 
confidence or probability. For example, when discussing the factors which influenced the 
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subjects' choices of settings for the performance rule variables, only factors that were 
significant with P ~ 0.05, a probability equal to or better than 95% were considered 
relevant 
3.6.4 Significance of GLM test 
To consider the experimental design one must look for indications that the design was a 
source of unreasonable error, or unusual data was generated. A good indication of 
weakness in the experimental design would be if the fundamental hypothesis regarding the 
nature of the experiment were questionable or poorly identified. The fundamental 
hypothesis assumed in the experimental design was that the relationships in the experiment 
were linear. 
A linear model implies that within the context of a predetermined experimental 
environment, a given response is the result of summing all effects and all errors. It is of 
course impossible to state and determine all possible sources of error, and it is also not 
usually possible to determine all effects, even post hoc. However a good indication 
(admittedly after the fact) that it was reasonable to approach the above study from the 
perspective of a linear model is the behaviour of the GLM test. 
The GLM test was used to do the analysis of variance. Standard ANOV A tests were not 
possible because the data was not completely balanced i.e. not all excerpts were processed 
in the same number of trials by all subjects. However, because the data was balanced 
overall, the GLM test was an effective way to examine the factors that influence the settings 
of each performance rule. 
The hypothesis is that there is a direct relationship between the various factors that 
influence the individual performance parameters and the final settings that resulted from the 
subject's choices, all given a certain amount of error. When examining the results with the 
GLM test, if the relationship was weakly linear, or not linear at all, then it would have been 
seen in the quantity and magnitude of the residuals. It would of course also have been 
revealed if the stated factors had not been shown to be significant influences on the 
variables. 
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3.6.5 Significance of residuals 
The GLM behaved according to a reasonable interpretation of the direct relationship 
hypothesis. One may reasonably expect to see approximately five residuals for every one 
hundred units of data. It is not unreasonable to see eight residuals for every one hundred 
units of data. Of the five residuals for every one hundred units of data, it is reasonable to 
see two or three large residuals. On average, there were twenty residuals for each variable 
in the combined GLM test and ten residuals for the GLM tests on the results from the 
individual subject groups. As indicated above, in the individual subject groups one variable 
had fifteen residuals, two variables had thirteen residuals, one variable had twelve. 
residuals, and the remaining variables had groups of residuals in the amounts of ten or less. 
Given that there were 432 units of data used in the combined GLM test and that there were 
216 units of data in the individual GLM tests the number of residuals that occur is 
reasonable and representative of standard GLM tests. 
The question may arise regarding the fact that all residuals were positive. This was of 
course due to the experimental design whereby the subjects were pennitted to generate only 
positive data. As a result the error distribution was not normal "Gaussian" and the residuals 
were all positive. Fortunately ANOV A is reasonably robust against departures from 
normality of error distribution and the positive residuals would not have had a deleterious 
affect on the results. 
In further support of the hypothesis regarding the applicability of the linear model to this 
experimental design, the GLM tests on the individual subject groups were indeed able to 
establish in seventeen out of twenty cases a strong relationship between one or more of the 
experimentally stated factors and the variables. Therefore considering the behaviour of the 
GLM test, there is no reason to reject the hypothesis that the experimental design can be 
based on a linear model nor is there any strong reason to propose an alternative model for 
the relationship between the factors and the variables. 
3.6.6 Consensus and confidence intervals 
The main research questions stated in section 2.3.1 were "is there a consensus among 
subjects about the quantity/quality of expression that ought to be demonstrated by a given 
electronically generated excerpt and if there is a consensus, what is it?" In terms of the 
specific experiment, the questions are reconsidered as follows: Is there a consensus among 
subjects regarding the implementation of five given Sundberg performance rules as applied 
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to four given musical excerpts? The question should be further refined to include a 
specification of the subject group to wit, musically trained and musically untrained 
subjects. 
It is always possible to gather a body of data and extrapolate a single seemingly 
representative data-bit from the body of data. In order to demonstrate that in reality, the 
body of data derived from the first experiment may be used as a source of single 
representative units of data, crs were included with the means that were taken of the 
results. Thus the question regarding consensuses among subjects relates to the CI results. 
If the CIs were quite large, then it would imply that there was not a strong level of 
consensus among the given subject group. The narrower the CI results, the more a 
consensus is implied. Table 3.11 and Table 3.12 presented the complete results of the first 
experiment with the CI results for the means. It will be recalled that the crs width was 
acceptable about the means for both the musically trained and the musically untrained 
listeners. Therefore one may conclude that a reliable consensus may be taken from the 
experimentally derived data for both musically trained and musically untrained subjects. 
There seems to be a difference between the consensuses that were derived from the 
musically trained and musically untrained listeners. Table 3.13 presents the means 
calculated from the experimentally derived data. It also presents the differences after 
subtracting the means of the musically untrained subjects from the means of the musically 
trained subjects. 
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Table 3.13 - Summary of means and!!. means 
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From Table 3.13 it can be seen that in only three instances are the differences between the 
derived means greater than the intervals provided by the CIs. The HL performance rule in 
the slow-minor excerpt, the RAD performance rule in the slow-major excerpt, and the RAD 
performance rule in the fast-minor excerpt. The peninent research question that arises is of 
course: are the differences significant? Before proceeding with a discussion regarding the 
significance of the differences, there is a possible explanation for the large differences that 
appear in the RAD perfonnance rule . 
• 
3.6.7 Unusual data for RAD 
Repetition Articulation Duration is a perfonnance rule that affects only repeated notes. If a 
given musical excerpt has no repeated notes, then the RAD performance rule will have no 
effect. The two musical excerpts in question, slow-major and fast-minor had no repeated 
notes. Therefore a subjects who was processing either of the two melodies would need to 
perceive clearly that the RAD performance rule was having no effect. 
The simplest explanation for the difference is related to musical knowledge rather than to 
perceptual abilities. A musicaIIy trained subject would understand what repeated notes are, 
and given a musical excerpt, would hear and understand that the excerpt in question had no 
repeated notes. A musically untrained subject would not understand necessarily what 
repeated notes are. Though it was explained during the tutorial that was given to every 
subject, musically trained or not, the concept of repeated notes would not have been secure 
for untrained subjects. Given that an untrained subject was about to move the graphic slider 
for the RAD performance rule while processing one of the two excerpts without repeated 
notes, the following steps would have had to occur for the untrained subject to refrain from 
implementing the slider. 
The musically untrained subject would have had to remember that the RAD performance 
rule applies only to repeated notes. The subject would then have had to recall that the given 
excerpt had no repeated notes. Then the subject would have had to be certain that the 
graphic slider truly has no effect. It is possible that some or even many of the musically 
untrained subjects remembered that the graphic slider for the RAD performance rule applies 
only to repeated notes. But it is not necessarily reasonable to assume that a musically 
untrained subject truly understands what repeated notes are, nor that the subject would 
notice them in a given excerpt unless they were pointed out and underscored. 
Thus a musically untrained subject can be forgiven for thinking that 'just in case' there 
• 
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actually are any repeated notes, then the graphic slider for the RAD perfonnance rule 
should be implemented. The associated thought is clearly that in the event there are indeed 
no repeated notes, then it won't hurt to have the graphic slider set at some number anyway. 
What is perhaps surprising is that some musically trained subjects also implemented the 
graphic slider for the RAD perfonnance rule in the excerpts where there were no repeated 
notes. However in defence of the musically trained it will be recalled that in the case of both 
excerpts where there were no repeated notes, the median for the RAD perfonnance rule set 
by the musically trained subjects was indeed O. 
3.6.8 Significance of differences 
The question remains regarding the significance of the differences between the mean 
settings as presented in Table 3.13 above. The answer is that with the exception of the three 
instances mentioned above, all other differences fall within the span of the confidence 
intervals of both the musically trained and musically untrained subjects. In other words, in 
every case, given an adjustment of the mean within the range of the confidence interval, 
then both subject groups would provide the same results. Thus it may seem reasonable to 
state that the differences between the responses of the musically trained subjects and the 
responses of the musically untrained subjects is not significant within the context of this 
experiment. It should also be noted that there is no evident trend in tenns of the tendency 
for one of the subject groups to be lower or higher than the other group when setting the 
quantity of the performance rules' effects. There is almost an equal number of negative and 
positive differences between the mean settings (in fact there are nine and eleven, or eleven 
and nine depending on whether one subtracts the musically trained subjects from the 
musically untrained or the reverse). 
However to answer the question regarding the significance and therefore the precision of 
the settings, one must consider the results of the combined GLM test. The power of the 
ANDY A is revealed in its ability to identify factors that are significantly influential on a 
given variable. Thus the significance of Table 3.14 below which presents the influential 
factors from all three GLM tests. 
From the combined GLM one sees that the factor TIU (TrainedlUntrained) occurs as a 
significant major factor once, and two times in interaction with other factors. On its own 
this suggests that the factor musical training is not very significant. To further confirm or 
disprove the significance one may examine the means for the significant factors. Table 3.14 
below presents the means for all significant factors from the GLM test performed on the 
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combined data from both groups of subjects. From the table one can see that the factor T/U 
is indeed the factor that affects the other factors in interaction. For example in the 
interaction between -/+ * T/U, the four means given for the four possible interactions are: 
1 * 1 i.e. Slow * musically trained = 2.10; 1 * 2 i.e. Slow * musically untrained = 1.63; 
2 * 1 i.e. Fast * musically trained = 1.21; 2 * 2 i.e. Fast * musically untrained = 1.26. 
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Table 3.14 - Means of significant factors from the GLM test on the combined groups of subjects 
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The change in means produced by the interactions 1 * 1 and 1 *2 are due to the change in 
T/U levels with the minor excerpt. There was no significant change in the means for the 
T/U level with the major excerpt. This indicates that musical training was a significant 
factor for setting the HL variable in minor excerpts. Though in this particular instance it is 
seen that T/U is the influential factor, because T/U only occurs twice in interaction with 
other factors, it is regarded as the exception. Therefore, from this example and the other 
means presented in Table 3.14 one must conclude that there is no strong indication that the 
factor musical training was significant for subjects when setting most of the variables. 
Recall that the hypothesis stated in section 3.3.2 and based on the results of J. Sundberg's 
experiments proposed that a consensus would be demonstrated by subjects. Based on the 
CI's and the GLM, it is suggested that the above results substantiate the hypothesis as well 
as the previous results given by Sundberg. However the further hypothesis that though a 
consensus may be reached within musically trained and untrained subjects there will be a 
difference in the two groups in the strength and consistency of the consensuses - has not 
been clearly substantiated. The above results suggest that there is no strong evidence to 
support the second hypothesis. But the fact that musical training was present as an 
influential factor at all suggests that there is no evidence to reject the hypothesis either. 
Thus one must state that further experimentation is necessary in order to form a strong 
basis for a conclusion. 
3.6.9 Residuals as further evidence 
There is another source from which information regarding the consensuses may be derived 
though admittedly the strength of the observations is weaker than observations based on the 
GLM. The residuals given in the individual GLM tests for both subject groups may be 
tabulated according to quantity and are presented in Table 3.15 . 
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Table 3.15 - Quantities of residuals in GLM tests on individual subject groups 
Residuals are indicative of unusual observations. They would reveal data points that lie too 
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far outside a linear model to be considered part of the model. It is tempting to look at the 
residuals in Table 3.15 and observe that a strong trend is clearly present, and that there is 
obviously a greater consensus among the musically untrained subject group than among the 
trained subject group. If each subject were only contributing one data point, then there may 
be more basis for the observation. Given that in fact each subject contributes five data 
points, it is more likely that the 15 residuals present in the Phrase performance rule of the 
musically trained subject group belong to only three or possibly four subjects rather than to 
fifteen subjects. Therefore the difference in number of subjects generating the additional 
residuals for the musically trained subject group is probably at most only one, and may 
very well be none at all. One may presume that the additional residuals present in the 
musically trained subject group are due to one subject, and that in effect three subjects 
provided the residuals for the musically trained subjects, and two subjects provided the 
residuals for the musically untrained subjects. To conclude, rather than indicating a strong 
difference in consensuses, the residuals may be seen to support the following observations: 
1. In answer to the fundamental research question 'is there a difference in the resultant 
consensuses reached by the musically trained subjects and the musically untrained 
subjects?', the evidence suggests that there is nothing to indicate a significant difference in 
the consensuses reached. In other words, the observed differences may be accounted for 
by various factors such as error. Thus in considering the settings generated by the 
musically trained subjects and the musically untrained subjects, the conclusion may not be 
drawn that the two subject groups generate clearly different implementations of the 
performance rules. 
2. It was hypothesised that due to education the musically trained subjects would evince a 
stronger level of consensus than the musically untrained subjects. The results do not 
provide any evidence to support this hypothesis. 
In addition to the above conclusion that there is nothing to indicate that the consensuses in 
the two subject groups are different, it is also not possible to argue that there is a clear 
indication of consensuses regarding excerpt specific implementations of the performance 
rules. As can be seen from Table 3.11 and Table 3.12, the CI ranges not only overlap 
between groups, they also overlap between excerpts. Therefore there is no evidence to 
support the hypothesis that there are specific implementations of the performance rules for 
excerpts classified according to tempo or tonality. According to the experimental results, 
there is nothing to indicate that one must reject the seemingly absurd procedure of deriving 
a single mean as the generic implementation for all performance rules, and for all excerpts. 
Dctcnnination of appropriate settings of perfonnance rules 106 
3.6.10 Learning 
Subjects processed the musical excerpts in three trials separated by at least one day, but not 
exceeding two days. The physical task assigned to the subjects was neither arduous nor 
complex. It was certainly the kind of task that could be easily mastered. 
The complexity and difficulty of the task lay in the decisions that the subjects were expected 
to make. Subjects listened to musical excerpts and had to decide whether it was possible to 
improve the performance of a given excerpt by increasing or decreasing the implementation 
of one of five performance rules. To do the task, it seems that subjects used an empirical 
approach. To be specific, the subjects would listen to the musical excerpt in question, 
implement one (or several) of the performance rules, listen to the result of implementing the 
rules, and decide whether it was an improvement or not. If it was an improvement, then the 
subjects would decide if the improvement was sufficient or could be further improved 
either by weakening or strengthening the implementation of the performance rule(s) that the 
subject was currently focused on. 
Late in the three trials, many of the subjects would have developed a favourite routine. The 
routine would include beginning the implementation of the performance rules by moving 
the same graphic sliders first, and to the same level of implementation. Most subjects, both 
the musically trained and the musically untrained settled on a particular technique for 
implementing the performance rules i.e. they would move the graphic slider to some 
extreme level and reduce the implementation until it seemed satisfactory. Once all five 
graphic sliders had been treated in this manner, the subjects would frequently return to one 
of the earlier graphic sliders and alter the settings. Clearly experience with the system 
allowed the subjects to develop a method to approach the task, and possibly established 
some expectations regarding the results of implementing certain sliders. All of the above 
observations are admittedly very subjective observations by the experimenter who is not 
trained in either psychology nor in observing human behaviour. However there is some 
empirical evidence which can support the suggestion that the subjects learned over the 
course of the three trials, or to put it more formally, expanded their cognitive abilities and 
perception. 
In the graphs depicting the correlations between trials (Graphs 3.1 - 3.4), it was shown that 
in general, there is a moderate correlation between the results in trial 2 and trial 1, a lesser 
correlation between trial 3 and trial 1, and the strongest correlation between trial 3 and trial 
2. It is submitted that the above correlations are evidence of the refinement of categorical 
perception in the areas related to rules for the performance of music. Simply put, the above 
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results suggest: 
• learning took place over the three trials 
• subjects developed their ability to identify the effects of performance rules 
• subjects may have developed a greater potential to perceive additional subtleties 
The incremental nature of correlation in repeated performances of a task related to iterations 
of a stimulus has precedence in many learning situations. For example, sexing chickens is 
rated as a difficult perceptual task, and expert training is required to be able to sex day old 
chicks. With repeated viewings of the genitalia of day old chicks, subjects are eventually 
shown to be able to identify qualifying features, though they will of course not be able to 
identify them by name. Given a rule system, such as male chicks have a bulbous protrusion 
that female chicks lack, subjects are able to enhance their ability to sex chickens accurately 
and to learn the difference between sexes so that their judgments may begin to approach the 
reliability of an expert (Biederman and Shiffrar 1987). Thus it is shown that there is a 
strong correlation between subjects learning a rule, and iterations of stimuli. 
In terms of the experiment to determine appropriate implementations of the Sundberg 
performance rules, the general algorithm may be seen as follows: it seems reasonable to 
assume that there exists a pool of implementations of the performance rules which are all 
satisfactory, rather than to assume that there is only one ideal implementation for a musical 
excerpt. Given slich a pool of possible implementations, a subject starting from no 
knowledge would be creating various implementations, some of which would approach or 
be part of the pool of acceptable implementations, and others of which would not. The 
subject would eventually discard implementations that are not close to or part of the 
acceptable pool. In doing so, the subject is learning to perceive, categorise and rank 
implementations. 
When the subject first begins to create various implementations, there will be a low 
correlation between the stimuli (the musical excerpt) and the implementation of the 
performance rules. After processing several musical excerpts, the subject will implement 
the performance rules in a more consistent fashion in relation to the stimuli, and the 
subject's implementations will as a set belong more frequently to the pool of appropriate 
implementations. Thus there will be a stronger correlation between the implementations 
produced by the subject. which is indeed born out in the experimental environment. 
In the discussion of a comparative test of seven rules Sundberg states " •.. some non-
musician subjects said that they thought their sensitivity to expressive deviations in music 
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performance had increased .... by participating in the tests." (Sundberg et al 1991:82). 
Though Sundberg specifically refers to musically untrained subjects, the correlations from 
the three trials of both musically trained and musically untrained subjects in this experiment 
support the indications by the subjects in the experiment by Sundberg. It is also interesting 
to note that the strength of the correlations were strongest between the third and second 
trials of the musically trained subjects, though the tendency was also clearly apparent 
among the musically untrained subjects as well. Based on the algorithm described above, 
perhaps the stronger correlations for the musically trained subjects is due to a slightly 
greater ability to learn quickly in fields related to sound and music. In other words, the 
advantage of a musical training is not only one of didactic knowledge, but also an 
experiential knowledge that enhances the ability to approach a musical problem effectively. 
This is similar to the approach taken by subjects when faced with a problem in physics. A 
beginner will approach the problem from rules that are learned, either by rote or by 
experience. A subject trained in the area will approach the problem according to 
characteristics of the problem that are similar to other problems already solved by the given 
subject. 
3.6.11 Character of experiments 
It is submitted that the experiment outlined above cannot in any way be related to the class 
of research described by Cook as "scriptism with a vengeance" (Cook 1994:81). It is not 
the kind of research that is indeed theoretically defensible, but unrelated to practical 
applications and the ecological environment. Rather, because of its relationship to the 
ecological environment and practice, it can be seen to have potential as a useful research 
tool to investigate theoretical aspects of music and even cognitive behaviour. The results 
seem to support the arguments that listeners use more than one cognitive framework in a 
given task (Marsden & Pople 1989), and the contention that the approach and focus of 
subjects when listening is constantly changing (Hantz 1984). The above experiment forced 
the subjects to focus on five distinct parameters related to the performance of standard 
musical compositions. The GLM analysis indicated that there was no significant interaction 
between multiple factors and only occasionally significant interaction between two factors. 
Low interaction between the five parameters suggests that there is not one but a multiplicity 
of perspectives from which to hear a given musical excerpt. In spite of the variation 
between subjects, the correlation tests suggest that within subjects there is a trend toward 
consistency and low variability in the application of the five rules. Therefore the experiment 
can certainly be said to have satisfied Sloboda's requirement that to establish the rationality 
of expressive performance one must first demonstrate that expressive variations are 
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intentional (Sloboda 1994). The results and the nature of the experiment also divulge where 
the subjects began, and where they ended up. This is most significant in light of the 
inherent difficulties encountered by many experimental designs, in particular those which 
use recorded music in an attempt to dissect the nature of musical performance and to 
address the issues related to the perception and discrimination of musical performance. 
3.7 Conclusion 
3.7.1 General conclusions 
To conclude, the above experimental results show a trend in the development of perceptual 
and discriminatory abilities of the subjects, and reveal that the experimental design may be 
an effective way to investigate cognitive developmental processes in the area of music. 
Furthermore, given that the subjects learned something practical, in other words, the 
subjects developed a greater sensitivity to expression in the performance of music, it may 
be interesting to investigate and determine if a new educational tool for music departments 
can be developed out of the technology used in the experiment. Further research into the 
general applicability of discrimination sharpened through the use of the Director Musices is 
necessary, but the effectiveness seems to have been clearly demonstrated. 
Though it seems self evident, the question may be posed regarding the certainty that 
implementing the Sundberg performance rules using the Director Musices software 
improves electronically generated musical excerpts. As has been noted, the results of this 
experiment do indeed support Sundberg's observation regarding learning by subjects as a 
by-product of engaging in the experiment. The results do indeed confirm the observation 
that a consensus can be reached, and that implementing the rules improves the 
performances of music that would otherwise seem less expressive. Occasionally a 
musically untrained subject would leave the graphic sliders unimplemented. Possible 
explanations for a subject leaving the musical excerpt unprocessed could be that the musical 
excerpt was satisfactory without processing, or that the subject decided that implementing 
the perfornlance rules did not improve the performance. In any event, this did not occur 
frequently enough for it to be considered significant. In 576 instances, the event of a 
subject deciding to leave the excerpts completely unprocessed occurred three times. Thus it 
may be concluded that the performance rules do improve the quality of performances of 
electronically generated musical excerpts. 
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3.7.2 Significant factors 
It should be mentioned that in an examination of the independent GLM tests for each group 
of subjects, strong effects are apparent involving the factors S/F (slow-fast) and/or -/+ 
(Minor/Major). There are few instances of a strong effect due to the Trial factor. Therefore 
it was wise to include the slow/fast and -/+ factors in the experimental design. Had the 
factors not been included, then any effects due to the Trial factor would have been 
swamped and the statistical procedures would have had low power. In other words, though 
the trial factor seemed significant before the experiment, and in spite of the evidence 
provided by the correlations that point toward a learning effect, the other two factors S/F 
and -/+ were much stronger factors than the Trial factor. One is led therefore to conclude 
that when implementing the performance rules, tempo and the modality of musical excerpts 
influence subjects choices regarding the degree of implementation. This observation would 
seem to suggest that the Director Musices software is robust in its capacity to provide 
subjects with a musical ability that would otherwise be unattainable for many. Clearly it 
usually takes a large amount of time and effort before one physically masters a musical 
instrument, and in combination with mastering the instrument one is generally assumed to 
develop a certain musical taste. The Director Musices software is able to reduce to zero, the 
amount of time needed to effect musical expression on an instrument and the results of the 
above experiment seem to suggest that assumptions regarding the development of musical 
taste while physically mastering instrumental technique may need to be carefully 
reconsidered. All subjects were effectively given an instant ability and relatively high level 
of mastery over an electronic instrument and it seems that the three trials were not needed 
by the musically untrained in order to develop, through virtual practising, higher and more 
subtle levels of musical taste. 
3.7.3 Significance of the results 
As already stated above, it was not possible, given the results, to reliably conclude that 
there are sets of implementations of the performance rules that are specific to musical 
excerpts depending on the tempo and the modality of the excerpts. One was only, based on 
the results, to conclude that tempo, modality and to a small extent musical training were 
significant factors when implementing the performance rules. In order to detennine whether 
there are indeed specific implementations of the performance rules, one would probably 
have to increase the number of musical excerpts. In this regard and with hind-sight, it is 
clear that the accuracy of the experimental design was certainly too wide. It is also possible 
that the performance rules, as implemented in the Director Musices software are too general 
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in their application. It may be that the implementation of performance rules is in fact 
specific to every musical instance, whether the musical instance in question is a given 
excerpt, a single phrase or even a single note within a phrase. 
3.7.4 Specific conclusions 
The following conclusions may be reached, based on the results of an experiment 
investigating the implementations of five of the Sundberg performance rules on four 
musical excerpts drawn from standard opera literature and as described in previous sections 
of this work: 
(1) There is no strong evidence to indicate that the implementation of the rules is 
specific to the type of excerpt if the excerpt is classified according to tempo 
and modality. 
(2) There is evidence to indicate that a consensus is reached by subjects when 
implementing the five Sundberg perfonnance rules used in the experiment 
described above. 
(3) There is no evidence to indicate differences between musically trained subjects 
and musically untrained subjects. There is also no indication of a significant 
difference in the level of consensuses reached by the two subject groups. 
(4) The results support previous research by Sundberg and others regarding the 
effectiveness of the perfonnance rules, and the ability of the perfonnance 
rules to improve the quality of a given electronically generated perfonnance. 
(5) The results support the suggestion put forth by Sundberg that the process of 
using the Director Musices software may improve the ability of subjects to 
perceive expression in musical perfonnance. Therefore the results also 
support the suggestion that the Director Musices software, or similar 
technology should be investigated as a new and alternative method of music 
education. 
(6) The efficacy of the experiment substantiates the value of the Director Musices 
software as a useful research tool. 
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Chapter 4 
Acceptability of 
performance rules' implementations 
4.1 Organisation of the chapter 
In this chapter a second experiment will be described in detail. The chapter is divided into 
three large sections: methodology, results and discussion. Some of the approaches and 
materials are the same in this experiment as in the previously described experiment to 
determine implementations of the Sundberg Performance Rules. Though the methodology 
section below includes all pertinent information where appropriate, reference is made to 
arguments that have been previously presented rather than duplicating the arguments in full. 
The second experiment is similar in design to many listening tests. The general procedure is 
to provide an audio stimulus to one or many subjects and in some fashion have the 
response recorded. The general rationale for the second experiment was to further support 
and investigate the results from the first experiment by validating them in listening tests. 
4.2 Methodology 
4.2.1 Introduction and overview 
This section is organised into five parts including this introduction. The parts present and 
describe the subject sample, the instrumentation, the experimental procedure and 
limitations/delimitations of the experiment. The general purpose of the second experiment 
was to rate the J}lusicality of electronically generated performances in the context of 
traditional opera performances. Specifically, three instances of four polyphonic musical 
excerpts were produced. Each instance was processed with a different implementation of 
the five Sundberg Performance Rules derived from the results of the first experiment. The 
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second experiment investigated the adequacy of performed expression manifest in the 
resultant electronically generated performances. The aim was to see if specific or generic 
settings derived from the first experiment would be considered acceptable in polyphonic 
orchestral performances - that is, performances more closely representative of the 
performances one may expect from an orchestra performing excerpts from opera literature. 
This study utilised a random selection of subjects from a single defined population. The 
subjects were grouped into four groups of six subjects in each group. Twelve electronically 
generated perfomlances of musical excerpts drawn from the accompaniment repertoire of 
standard opera literature were used as stimuli. Each of the twelve stimuli belonged to one of 
four categories of musical excerpts classified according to the tempo and the modality of the 
excerpt. Each of the three excerpts in each of the four categories were processed by the 
Director Musices software using five of the Sundberg Performance Rules according to one 
of three preset implementations of the rules. Thus 12 musical excerpts, three instances of 
four categories of electronically generated performances of musical excerpts, were recorded 
in a randomized ordering on tape and used as the stimuli for a group of 24 subjects selected 
from a defined population sample. 
Ancillary goals of the study were: 
• to test the proposed methodology, namely rating the acceptability of a given 
performance, in experimental work. 
• to confirm and support previous research by Johan Sundberg. 
Explained below in the body of this section, this study may be described as a 3 x 4 x 4 
multi-factor design. One group of subjects was used i.e. 24 musically trained subjects 
selected randomly from a single population sample. Subjects were tested in a single trial in 
groups of six. No subjects participated in more than one trial. Before the trial, a response 
sheet was given to the subjects and an introductory text was read aloud to the subjects to 
prepare them for the trial. All subjects heard exactly the same excerpts. However each of 
the four groups heard the excerpts in a different sequence. Each group of subjects was 
given the same amount of time to complete the task - all subjects were equally restricted by 
the timing imposed by the taped recordings of the musical excerpts. The entire procedure 
lasted 30 minutes during which time the subjects were given no breaks. The subjects were 
drawn from the student body and teaching staff of the Music Department at the University 
of Surrey. The age group was moderate from under 20 to under 50 years of age. 
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4.2.2 Design of the experiment 
To review the basic parameters of the experiment: one group of 24 subjects listened 36 
times to four excerpts that were processed by five of the Sundberg Performance Rules in 
one of three ways. The subjects were expected to rate each of the performances of the 
excerpts on four rating scales. Details of the design are as follows: 
• 24 subjects divided into four sub-groups 
• one trial 
• four excerpts per trial 
• 4 types of polyphonic excerpts: Slow-Major (S+), Slow-Minor (S-), Fast-Major 
(F+), Fast-Minor (F-) 
• in total there were four excerpts used 
• 36 repetitions of the excerpts in three groups of twelve in every trial 
• four responses were recorded for each excerpt 
• the excerpts were processed in one of three ways: type 1 - no processing; type 2 -
excerpt specific processing; type 3 - same generic processing applied to all 
excerpts 
The excerpts were assigned to each group of subjects according to the following plan (the 
plans in this experiment and in the first experiment were designed in collaboration with Dr. 
A. Kimber of the Department of Mathematical and Computing Sciences at the University of 
Surrey). 
1st group: 
Al B3 CI D3 C2 Bl A2 D2 B2D1 A3 C3 
D2B2C3A2DIA3CIBIAID3B3C2 
B1D3C2AIC3A2B3D2CIDIB2A3 
2nd group: 
B2A1 C3 D2A3 CI D3 B3 C2Bl Dl A2 
Dl A3 Bl C2 A2 B2 D3 C3 02 Cl B3 Al 
B3 CI A2 D3 C2Al D2 Bl Dl B2A3 C3 
3rd group: 
A3 C2 B 1 D2 C 1 B2 A2 D3 AID I C3 B3 
03B3CIAIBIC3DIA302C2A2B2 
C3 01 A2 B2 Al B3 D2 C2 Bl A3 D3 Cl 
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4th group: 
BI A2DI C3 D2 C2 B3 A3 B2 Cl D3 Al 
C2 Al D2 B3 A2 D3 B2 Cl DI A3 C3 Bl 
A3B2CID3BIAIC3DIC2D2B3A2 
Applied to the four excerpts, the plan is translated as follows: 
Key 
S = Slow 
F = Fast 
+ = Major 
= Minor 
1 = No processing 
2 = Processed according to the means taken for each type of excerpt in 
the first experiment. 
3 = Processed according to the mean of the means in the first experiment. 
Subject Group 1: 
S+1 S-3 F+l F-3 F+2 S-I S+2 F-2 S-2 F-I S+3 F+3 
F-2 S-2 F+3 S+2 F-1 S+3 F+1 S-1 S+1 F-3 S-3 F+2 
S-l F-3 F+2 S+l F+3 S+2 S-3 F-2 F+1 F-l 8-2 S+3 
Subject Group 2: 
8-2 S+1 F+3 F-2 S+3 F+I F-3 S-3 F+2 S-1 F-l S+2 
F-l S+3 5-1 F+2 5+2 S-2 F-3 F+3 F-2 F+l 5-3 5+1 
5-3 F+l S+2 F-3 F+2 5+1 F-2 S-l F-l S-2 S+3 F+3 
Subject Group 3: 
S+3 F+2 S-1 F-2 F+l S-2 S+2 F-3 S+1 F-l F+3 S-3 
F-3 S-3 F+l S+l S-1 F+3 F-l S+3 F-2 F+2 S+2 S-2 
F+3 F-1 5+2 S-2 S+1 S-3 F-2 F+2 S-1 S+3 F-3 F+l 
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Subject Group 4: 
S-1 S+2 F-1 F+3 F-2 F+2 S-3 S+3 S-2 F+1 F-3 S+1 
F+2 S+1 F-2 S-3 S+2 F-3 S-2 F+1 F-1 S+3 F+3 S-1 
S+3 S-2 F+1 F-3 S-1 5+1 F+3 F-l F+2 F-2 S-3 S+2 
The above ordering has the following features: 
• It includes a total of 24 subjects listening to excerpts in groups of six. 
• Each group of subjects has only one trial in which they audition 36 excerpts. 
• The 36 excerpts are subdivided into 3 groups of 12. 
• In each group of twelve excerpts, the subjects listen to a randomised ordering of 
every excerpt included in the experiment. 
• The subjects listen to every excerpt three times. 
• Excerpts that have only one qualifying factor may follow each other but the same 
excerpt does not follow itself i.e. F- followed by F+ or S- is possible but F-
followed by F- is not. 
The above six features insure that the results can be reliably examined using standard 
statistical procedures because the design is balanced between subjects. The above multi-
factor design involves three independent variables and four dependent variables. The three 
independent variables are: 1. the levels of implementation of the Sundberg Performance 
Rules; 2. the tempi of the excerpts; 3. the modalities of the excerpts. Specifically there were 
three levels of the implementation of the Sundberg rules, four S/F (slow/fast) excerpts and 
four +/- (major/minor) excerpts yielding a 3 x 4 x 4 multi-factor design. The four 
dependent variables were the ratings given by each subject. The design is not considered a 
mixed-factorial design because there was only one level of subjects. 
The overall design of the two experiments reviewed in this dissertation follows the 
principles pointed Ollt by Gabrielsson (1985) in which he clarifies the importance of 
combining analysis-by-measurement research with listening tests which are used to verify 
and validate the results of the analysis-by-measurement. The first experiment described 
above yielded results through the analysis of measurements provided by the Director 
Musices software. The results of the first experiment are used in the second experiment to 
complement the results of the first study with further verification and validation. A 
description and classification of the second experiment may be based on an adaptation of 
the distinctions that exist in auditory assessments of sound quality as described by 
Letowski (1989, 1994). In the context of auditory assessment, Letowski distinguishes 
between heuristic judgments and diagnostic judgments. He classifies the two categories of 
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judgments according to their purpose i.e. heuristic judgments are to generate normative data 
and diagnostic judgments are to identify and quantify perceived differences between a given 
stimulus and an established industry standard. Letowski further classifies the two 
categories of auditory assessment as either subject-oriented tests or object-oriented tests. 
Subject-oriented tests are those in which information is gathered regarding the subjects 
themselves, and object-oriented tests are those in which information is gathered regarding 
the external environment. He presents the four types of tests in a table reproduced as 
follows: 
Table 4.1 Basic applications of auditory assessment (Letowski 1989) 
The description of the second experiment adapts the careful distinctions drawn by Letowski 
and applies them to musical performance. Thus it is submitted that the task of listening to 
electronically generated musical performances for the purpose of assessing the quality of 
the musical expression manifested by the given performance is an object-oriented heuristic 
test. Object-oriented because an assessment is expected of an external stimulus. Heuristic 
because it is searching for a subjective assessment of the utility and quality of a stimulus, 
thus it is considered nom1ative rather than comparative. No term has been identified which 
may be used to refer specifically to this kind of musical test. Therefore the specific term 
here proposed for such tests is 'performance quality assessment'. 
4.2.3 Sample description 
Subjects were randomly selected from a single population defined as musically trained. 
Musically trained subjects were identified as any individual that had completed sufficient 
musical studies to be accepted full time into a university music program. 
The subjects were carefully considered in terms of the purpose of the second experiment 
and the need for reliability in the final results from the experiments given the sampling 
population. Similarly to the first experiment, the legitimacy of the sampling population 
which provided the subject group may be questioned. The issue may be raised that the 
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subject group used was not trained or skilled in the area of listening to and assessing the 
quality of opera excerpt performances. In fact the rationale for using the selected subject 
group was the same as already presented for the first experiment and only the highlights of 
the arguments will be made here. 
The sample population must be considered in relation to the purpose of the experiment. As 
stated above, the general goal of the second experiment was to rate the musicality 
(expressivity) of electronically generated performances in the context of traditional opera 
performances. Given that the subject population was heavily weighted toward the student 
population at the University of Surrey it may reasonably be argued that a student based 
sample population is at best a population at the low end of the population of skilled and 
trained listeners. But the population of listeners who are the majority of consumers 
listening to performances of opera are likely to be less trained and skilled than the sample 
population chosen for the second experiment. 
As was elucidated above, the second experiment was a series of object-oriented tests. The 
goal was to learn something about the performances, not to learn something about, or 
assess the subjects. Therefore in considering the levels of training needed for the sample 
population, it was deemed necessary to avoid selecting a population that was too well 
trained, and hence, unrelated to the ecological reality. 
Thus the main consideration in identifying the sample population must be from the 
perspective of the experimental task and to place the task as much as possible within the 
context of the ecological environment. Therefore, the consideration becomes not a question 
regarding the sufficiency of the training and skill manifested by university music students. 
Rather the question becomes reflections on the possibility that university music students are 
overqualified. 
The decision was finally made to mainly use the musically trained students rather than a 
random selection of the general population because the students were judged to be 
reasonably representative of the top end of an ability scale describing members of an 
average audience. In terms of the sample population the decision was that it was better to 
restrict the sample population to those who seem most likely to have the training and taste 
necessary to object strongly and for musical reasons to the acceptability of an electronically 
generated performance of opera excerpts. The argument put forth was that in the event 
musically trained subjects find electronically generated performances acceptable, then it was 
probable that an untrained population would do so as welL 
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To conclude, though the question regarding the reliability of using a mainly student based 
sample population is valid in the context of determining an ideal level of quality in musical 
performance, the context of the experiment must be considered. Outside of the ecological 
context the legitimacy of the mainly student based sample population may be entirely 
questioned. Within the ecological context, a mainly student based sample population is seen 
to be valid and desirable. 
4.2.4 Sampling design 
The sampling design called for musically trained subjects. The musically trained 
participants consisted of a sample of subjects drawn from students and staff at the Music 
Department of the University of Surrey in England. The age was limited downward - no 
subjects were accepted below the age of eighteen. Some subjects were over forty years old. 
Most of the subjects were U.K. nationals of western heritage, though some were foreign 
nationals of eastern European, middle-eastern, far-eastern and north/South-American 
heritage. 
4.2.5 Determining the appropriate number of subjects 
It was decided to use 24 musically trained subjects. The reason for choosing 24 subjects 
was as follows: used in the experiment were four excerpts drawn from standard opera 
repertoire. If the four excerpts are a, b, c, d then the number of possible ways to arrange 
the four excerpts is 4x3x2x I = exactly 24 orderings eg abcd acdb and so on (as above). 
Furthermore 24 subjects subdivided into four groups engaged in assessing four 
arrangements of thirty six excerpts provided an opportunity to insure that no error was 
introduced into the experiment due to a fixed sequence of excerpts. 
4.3 Instrulnentation 
4.3.1 Overview 
This section will not present and discuss the Director Musices application though it was 
used to prepare the stimuli for this experiment - it has already been discussed in the 
previous chapter. However the rules used in this experiment and details such as their levels 
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of implementation will be included. This section will mainly present and describe the tools 
used in the experiment such as the tape recording that provided the stimuli and the response 
sheets used by the subjects to record their ratings. Some of the methods used to analyse the 
data will also be reviewed. Those not reviewed will be omitted because they have already 
been described elsewhere in this dissertation. 
4.3.2 Excerpts, processing and tapes 
Four polyphonic excerpts were chosen from the standard opera repertoire of the late 
romantic period. Three of the excerpts used, Slow-Minor, Fast-Major, Fast-Minor were 
from the opera Orello (Verdi 1887) and the fourth excerpt Slow-Major was from the opera 
Ariadne auf Naxos (Strauss 1916). All excerpts were polyphonic - not fewer than four 
voices and up to 11 voices - and were between ten and twenty seconds long. The Strauss 
Slow-Major excerpt was strings only. The Verdi Slow-Minor excerpt was winds only. The 
Verdi Fast-Major and Fast-Minor excerpts were both with full orchestra. The different 
instrumentations were not considered significant as factors. 
Of the performance rules available in the Director Musices software, only the five 
performance rules investigated in the first experiment were included in the second 
experiment. To review, the five performance rules selected for the second experiment were: 
1. High-Loud; 2. Phrase; 3. Leap-Articulation-Dro; 4. Repetition-Articulation-Dro; 5. 
Punctuation. Each excerpt was replicated twice to generate a total of three copies of each 
excerpt and twel ve excerpts in total. Each of the three copies of every excerpt was 
processed with the five Sundberg Performance Rules in a different manner. 
The first copy of every excerpt was processed with the rules in a manner specific to the 
type of excerpt i.e. Slow-Minor, Fast-Major and so on.The second copy of every excerpt 
was processed with the rules in a manner that was general for all excerpts. The third copy 
of every excerpt was left untouched and unprocessed. To set the actual quantities of 
implementation for each of the rules, the results from the first experiment were used. 
Though no significant difference between the two subject groups, based on musical 
training was made apparent by the GLM that included both subject groups, it was decided 
that only the results from the musically trained subjects would be used in the second 
experiment. It will be recalled that in the results section of the first experiment, the means 
of the final settings were derived for both the musically trained and the musically untrained 
subjects. It will also be recalled that the overall mean, the mean of the mean was also 
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derived. These five experimentally derived means, four that were specific to the type of 
excerpt, and one that was the mean of the means were used to set the implementation levels 
of the five Sundberg Perfom1ance Rules. It was particularly useful to use experimentally 
derived results because it enabled the experiment to be free of any bias that may have 
occurred in the event that the implementations had been established by the experimenter. 
Once the excerpts had been processed, they were converted to MIDI files and exported to 
the sequencer Vision (Opcode 1994). Each of the sequences were then recorded on DAT. A 
small amount of stereo reverberation was added equally to all the musical excerpts during 
the recording to DAT using a Lexicon digital reverberation unit. In addition the voices were 
individually balanced llsing a sound mixer for appropriate blend. The balance was kept 
constant for all three processed versions of a given excerpt. Once the musical excerpts were 
recorded they were transferred to the ProTools digital audio editing package. The ProTools 
software was then used to arrange the twelve musical excerpts according to the plan 
presented above. The twelve excerpts produced one hundred forty four musical excerpts 
which were recorded to a DAT that was used in the actual experiments. 
4.3.3 Response sheets 
A copy of the response sheet used in the second experiment may be found in Appendix Ill. 
The subjects were to record their assessment of the acceptability of a given performance 
within the specific context of live opera productions. Specifically the objective was to have 
the subjects rate the acceptability of the expression or musicality manifested by the given 
performance. A serious concern arose regarding the ability of a single assessment to rate 
the quality of a performance that was not performed live. The concern was that it would be 
difficult to distinguish in the final rating whether it was indeed the quality of the musicality 
that influenced a given subject's rating, or whether it was the quality of the audio or even 
the sampled sounds used to generate the original excerpts recorded to tape. It seemed clear 
that if the subjects were merely instructed to focus on and rate exclusively the musicality of 
a given perfom1ance, the resultant rating may be the result of a subject flooded with 
additional factors that influenced the ultimate rating. It was judged possible for subjects to 
consciously decide not to be unduly influenced by any audio attributes specific to the sound 
reinforcement system. The main concern regarded the ability of subjects to distinguish 
between the quality of the musical performance in terms of the musical expression, and the 
quality of the musical sound (the instrumental sounds themselves). To filter out this 
nuisance factor, and to support the focus of subjects on the quality of the expressiveness or 
musicality of the given excerpt, the rating categories were 
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Context 1 Context 2 
Professional Opera Production Local Operatic Society Production 
Instrumental Sound Quality Musicality of Performance Instrumental Sound Quality Musicality of Performance 
Excellent 100 Excellent 100 Excellent 100 Excellent 100 
Very Good 90 Very Good 90 Very Good 90 Very Good 90 
Good sO Good sO Good sO Good sO 
70 70 70 70 
60 60 60 60 
50 50 sO 50 
40 40 40 40 
Bad 3D Bad 3D Bad 3D Bad 3D 
Very Bad 20 Very Bad 20 Very Bad 20 Very Bad 20 
Unacceptable 10 Unacceptable 10 Unacceptable 10 Unacceptable ,0 
Table 4.2 Rating scales for second experiment 
split into two i.e. Instrumental Sound Quality and Musicality of Perfonnance. Then both 
categories were placed within two general classifications: Professional Opera Production 
and Local Operatic Society Production. In this way the effects of the sampled sounds' 
timbral qualities and acoustic properties on the rating of musicality and expression were 
reduced. Table 4.2 presents the rating scale as it appeared on the rating sheets. 
Ultimately the ratings that were given for the Instrumental Sound Quality of excerpts were 
discarded. But the rating for the musicality of the performance was considered a closer 
reflection of an assessment that considered only the expression manifested by the 
performance than it would have otherwise been. 
The ten point rating scale used in the second experiment was a modification of a scale from 
an IEC standard used frequently for listening tests (Toole 1982). An advantage of a ten 
point scale is that it has no midpoint. It forces subjects to decide, even if it is not a strongly 
defended decision, in which direction they are choosing to rate the stimuli. Text was used 
to qualify the last three end points at both ends of the scale. The text used was: Good, 
Very Good, Excellent and Bad, Very Bad, Unacceptable respectively. The four midpoints 
were left unqualified. By basing the experimental rating sheets on an IEC standard, it was 
possible to feel confident that the instrument was likely to be both reliable and valid. 
Though Performance Quality Assessment Tests are effectively executed every time an 
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individual listens to some music and decides whether the music is good or bad, because of 
the lack of definition, and especially because it is a new area of research, it was essential to 
base the instruments used on models that were already proven in related areas. The 
advantage of the IEC standard of course is the closeness of Performance Quality 
Assessment to Sound Quality Assessment Tests. It suggests that due to the strong 
precedence in Sound Quality Assessment Tests, credibility may be given to the usefulness 
of experimental results in Performance Quality Assessment. 
Also included on the cover rating sheet was an introductory text. The text was used to make 
sure that an subjects understood the task at hand, and to insure that the same explanation 
was given to all subjects. The text also explained the rating scales and permitted the 
experimenter to present a sample stimulus. 
Once the second experiment was completed, the data were collated and entered into the 
computer based spread sheet in the Cricket software package (CA-Cricket Graph III 
1992). The data were also transferred to Minitab and Claris Works when needed. 
4.3.4 Statistical procedures 
There are many possible statistical procedures that may be used on the same set of data. In 
selecting the statistical procedures to be used, care had to be taken that the procedures were 
relevant and would yield information useful to the discussion of results. Two statistical 
procedures not used in the first experiment were used to examine the data from the second 
experiment. The two statistical procedures were a t-test and Bartlett's test. It should be 
mentioned that a balanced ANOVA was used rather than the more flexible GLM as in the 
first experiment. It was not necessary to use the GLM because the only functional 
difference between the two tests is in the ability of the GLM test to accommodate 
unbalanced data. The Minitab student version available for PC has an effective ANOV A test 
and no GLM test. Since there would have been no difference in the results of analysis, 
there was no necessity to enlist the power of the GLM test. 
4.3.5 t·test 
In the second experiment, a t-test was used to determine if there was a systematic difference 
in the subject's ratings of the excerpts between the first and the last iterations. In the context 
of the second experiment, the t-test was used as a within-subjects test. Similar to many 
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statistical procedures, the t-test is used to determine if there is a significant reason to reject 
the null hypothesis. In the case of the t-test, it is used to test whether the means of two 
given data groups are actually equal. In other words, if there is no systematic difference 
between two data groups, then the expected mean difference will be zero and the 
corresponding sample mean should be small. A large or large negative value of the t-
statistic (and a small p-value i.e. a high probability) will indicate that there is a systematic 
difference for that sample. In the second experiment, all subjects heard all twelve excerpts 
three times in three randomised groups of twelve. It was possible that subjects may have 
consistently demonstrated differences between the ratings through fatigue, or boredom or 
some other unidentified factor. Therefore to examine the consistency of subjects, the first 
and last iterations were tested with the t-test. If the subjects were indeed consistent, then the 
t-test would reveal that there was insufficient significance to reject the null hypothesis. 
4.3.6 Bartlett's test 
Bartlett's test was used to examine the level of consistency between the 24 subjects in the 
second experiment rather than the consistency within subjects like the t-test above. Using 
standard statistical procedures it is a simple matter to determine the error mean square for 
each subject. Bartlett's test effectively uses the error mean squares to compare the error 
variance between subjects. If the subjects have the same error variance then Bartlett's test 
will generate results that will be distributed approximately as a normal distribution and one 
may therefore suggest that between subjects there was consistency. 
4.4 Procedures 
4.4.1 Introduction 
In this section the exact steps taken to collect data will be presented. It will be made clear 
when, where and how the data were collected and the equipment used will also be outlined. 
4.4.2 Data collection and analysis 
The data were collected over a period of one week. The procedure was first designed and 
tested on a musically trained subject. During this first test of the procedure, it became clear 
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that the intervals between the excerpts, five seconds, were too short and needed to be 
lengthened. The intervals between excerpts were then increased to ten seconds and the 
procedure was again tested on a musically trained subject. Other changes made during the 
course of this testing were to provide subjects with a short but comprehensive introduction 
and to provide subjects with a brief demonstration using one of the prepared musical 
excerpts before beginning the first trial. 
As already stated above, the data were produced by 24 musically trained subjects. No 
subject participated in more than one experiment, though some participated in both the first 
experiment and the second experiment. Subjects were invited to participate by posted 
invitations and by word of mouth. No subjects were given any particular incentive or 
encouragement to participate. Once subjects volunteered they were given an appointment to 
attend one of the four experiments. More subjects were invited than were actually used. 
This precaution was taken because it was necessary to avoid the difficulty of having less 
than six subjects show up for a given experiment. Since the experiments had to be run with 
groups of six, fewer than six subjects would have meant rescheduling. 
The trials took place in a dedicated listening room at the University of Surrey Music 
Department. It is a professional quality listening room with few distractions, but not so 
bare as to be cold or forbidding. Subjects were invited to sit down and given rating sheets 
and functional writing implements. Once the subjects were settled, the experimenter 
continued with a brief tutorial as follows. The experimenter read aloud the text written on 
the first page of the rating sheets. If after reading the text there were any questions that 
would not be clarified through the forthcoming demonstration of a typical musical excerpt, 
the experimenter answered them. Then the experimenter proceeded by presenting a 
randomly selected excerpt from the tape as an example of the musical excerpts to be heard. 
The subjects were given the opportunity to rate the excerpt in a mock fashion if they 
wished. On none of the four experiments were there any further difficulties after the 
demonstration of the musical excerpt. The subjects settled themselves and the experimenter 
began the taped recordings of the musical excerpts at the appropriate place. To facilitate the 
data analysis, all excerpts had to be numbered. In an experimental situation, it was 
suggested that the demand on the subjects of having to additionally keep their place and 
number the excerpts may be a stressful enough factor to affect the ratings. To reduce the 
possibility of stress on the subjects, during the playing of the tape, the experimenter said 
aloud the number of each excerpt before it was heard. The experimenter gave attention to 
speak in a manner that was loud enough to be heard, but gentle and calm enough to reduce 
startling subjects and causing them to lose concentration. Once the experiment was 
concluded, subjects were given a chance to ask questions. 
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The experimenter then collated the data into dedicated files and recorded any events of the 
experiment that might be considered a nuisance factor. In total 28 subjects were invited in 
order to produce data from 24. As indicated above, the additional subjects were needed to 
offset the possibility that some subjects would not appear for experiments. Once the data 
were available in an organised fashion, it was examined with standard statistical tools. 
Statistical methods used included general statistical descriptions such as mean, median and 
standard deviation, and extended to the specific tests, t-tests, Bartlett's test and ANOVA. 
Graphs were used to explore and clarify various aspects of the data. 
4.4.3 Hardware and software 
The primary software used was the Director Musices software to prepare the excerpts with 
the appropriate implementations of the Sundberg rules. Additional software used was OMS 
(Opcode 1993), Apple MIDI Manager, Patchbay (Apple 1991) the sequencer Vision 
(Opcode 1993) and the audio editing package ProTools. To collate and analyse the data, 
Claris Works 2.0Bvl (Claris 1993), CA-Cricket Graph III version 1.5.2 (CA-Cricket 
Graph III 1992) and Minitab 8 (Schaefer & Farber 1992) were used. The hardware 
consisted of an Apple Power Macintosh 7100/80A V (with associated peripherals) to 
prepare the musical excerpts, an Opcode Studio 4 MIDI Interface, an Akai S3000, 
Sennheiser HD40 headphones, a Lexicon digital reverberation unit, a OAT recorder, and 
various cables. One of the editing studios at the University of Surrey Music Department 
was used to do the editing in ProTools. One of the professional standard listening rooms at 
the University of Surrey Music Department were used for the listening tests. As in the frrst 
experiment, the sound samples used for the Akai S3000 were all drawn from the McGill 
University Master Samples CD-ROM for Akai Samplers Volume 1 (Opolko & Wapnick 
1993). 
Regarding the quality of the sampled sounds, the audio equipment and the environment in 
which the subjects perfonned the trials. For the purposes of the second experiment, it was 
not considered necessary to make every effort to reproduce acoustic instruments as closely 
as possible. It was considered sufficient to make reasonable efforts to ensure that the 
quality of the sound production was of professional quality. The general purpose of the 
experiments regarded the judgment of musical performance itself. Therefore it was 
considered satisfactory to ensure that the audio equipment and the sampled sounds used in 
the original production of the musical excerpts were of sufficient quality to be negligible as 
possible nuisance factors. 
Acceptability of perfonnance rules' implementations 127 
4.4.4 Limitations and delimitations of experiment 
The main delimitation that must be restated regards the nature of the second experiment. A 
similarity may be recognised between the activities of the subjects in the second 
experiment, and the activities of judges in a music competition. Though in fact it is hard to 
know what exactly any judge in a music competition is actually doing, one may assume that 
one of a judges activities is to rate the quality of a given performers musicianship, or in 
other words, to rate the expressiveness of a given musical performance. That particular task 
is the same task requested of the subjects in the second experiment. The experimental 
design thus forces the subjects to focus on a single aspect common to all music 
performances. 
Many other factors that affect an audience (or a judge) and may influence them in a fashion 
that creates a positive impression are excluded from investigation in the second experiment. 
Though some factors could have been investigated, such as musical preference, they were 
excluded because it is in the nature of some experimental designs to focus on as few items 
as possible, and the second experiment follows this traditional approach to experiments. 
Other factors could not be investigated. For example there is little projection of personality 
and charisma through audio equipment. Thus many factors common to and important to the 
enjoyment of a live musical performance and possibly considered when rating the quality of 
a given performance were excluded from the second experiment. 
But it is important to note that the second experiment does indeed define and delimit a new 
type of listening test. There is no evidence in the literature of an attempt to define anything 
similar to the Performance Quality Assessment tests described in this experiment. Though 
elements of such tests are frequently occurring, especially in the context of competitions 
and in the articles written by critics, there is certainly no professional consensus or 
internationally devised scale for rating the quality of a musical performance among 
professional musicians. Thus the second experiment may be seen as a first attempt to 
delimit the nature, structure and instruments used in Performance Quality Assessment tests. 
Another limitation is related to the use of terms. The stated objective of the second 
experiment was to rate the acceptability of the musical expression manifested by the 
electronically generated musical excerpts. Acceptability may be theoretically regarded as a 
binary concept. Something is either acceptable or not. The quality of the musical expression 
could either be acceptable or unacceptable. It was decided however that, in fact, there are 
performances that approach more closely to being unacceptable than others. The rating 
scale used did indeed provide the opportunity for subjects to rate a given performance as 
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unacceptable. To be sure, there may be performances which could possibly be rated on a 
scale of unacceptability from almost acceptable to completely execrable. Thus it is agreed 
that all performances may be classified as acceptable or unacceptable. 
The reason however for devising a scale of acceptability was to determine where subjects 
would rate the electronically generated performances without a given performance as a 
basis of comparison. In other words, it was seen as desirable to emulate the ecological 
paradigm where an audience is also not given a basis of comparison. If the rating scale had 
been only binary, i.e. acceptable or not acceptable, then the rating would not have actually 
revealed very much about the ecological context because in a live performance many factors 
can mitigate against the rejection of a poor musical performance. Thus establishing a rating 
scale for Performance Quality Assessment was regarded as essential in order to provide 
subjects with some flexibility in their choices, and to generate useful data. Once all data 
was collated, it was considered that should it be useful to determine how many ratings were 
acceptable versus unacceptable, then one could always simply sum the ratings that were not 
'unacceptable' and thus determine how many would have been likely to be 'acceptable' in a 
binary scale. 
4.5 Data and results 
4.5.1 Introduction 
In this chapter, all the results from the experiment to rate the quality of musical expression 
manifested by electronically generated excerpts will be presented. The results will however 
be presented with minimal discussion. Detailed discussion of the results and their 
significance is reserved for the following chapter. 
4.5.2 Description of data 
The subjects rated thirty six musical excerpts four times each generating one hundred forty 
four data units per subject and 3456 data units in total. It was possible to discard half that 
number of data units because they were generated by the "Instrumental Sound Quality" 
variables. Thus to be tested with standard statistical procedure were 1728 data units or 864 
data units per context - Professional Opera Company and Local Operatic Society. 
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4.5.3 Graphs of general results 
The results for each subject were graphed and are reproduced in full in Appendix VIII. 
Included below are some representative graphs selected from the twenty four graphs in the 
appendix. The rating axis represents the scale used by the subject to rate each of the four 
excerpts. The excerpt axis represents the excerpts heard by the subjects in the given 
sequence by the numbers 1 - 36 rather than by the types S+, S-. F+, F-. There were four 
sequences, therefore one cannot compare the graphs in a random fashion, but four groups 
of six graphs may indeed be legitimately compared. It will be recalled that the subjects rated 
the excerpts in two contexts 'Professional Opera Production' and 'Local Operatic Society 
Production'. These two contexts are indicated by PP and AP on the graphs. 
The twenty four graphs of all subjects fall into some general patterns. The five graphs 
selected out of the twenty four and included below were chosen to illustrate the patterns and 
will be identified in bold text in this paragraph. One will observe that the graphically 
displayed distances between the ratings given for the PP and AP classifications are 
frequently either quite uniform or non-uniform. Uniform graphs occur when the difference 
between the PP and the AP ratings are consistently the same. For example quite uniform 
are the graphs 1/3, 1/6, 3/5, 4/1 and nonuniform are the graphs 1/4, 2/2, 2/3, 4/3. One 
will also observe that the overall shape of many graphs is either quite level or scattered. 
Level graphs occur when subjects consistently give the same ratings to successive excerpts. 
Examples of level graphs are 3/6 and 4/2, examples of scattered graphs are 1/5 and 2/5. 
Finally, one will observe that some graphs have several or many points where the values 
indicated for PP and AP are congruent. This occurs when subjects give the same rating to 
excerpts in both the PP and AP classifications. Examples of graphs with many congruent 
ratings are graphs 3/5 and 4/4 but it will be noted that congruent ratings do not occur as 
frequently in most graphs as in the two examples given. 
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Figure 4.1 Graph 1/4 trial 1 subject 4; ratings of 36 excerpts in two contexts -
example of a nonuniform graph 
40 
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Figure 4.2 Graph 1/6 trial 1 subject 6; ratings of 36 excerpts in two contexts -
example of a uniform graph 
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Figure 4.3 Graph 2/5 trial 2 subject 5; ratings of 36 excerpts in two contexts - example 
of a level graph 
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Figure 4.4 Graph 3/5 trial 3 subject 5; ratings of 36 excerpts in two contexts -
example of a graph with many congruent ratings 
40 
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Figure 4.5 Graph 3/6 trial 3 subject 6; ratings of 36 excerpts in two contexts -
example of a level graph 
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4.5.4 Means of the ratings 
Table 4.3 presents the means of the ratings specific to each context and implementation 
version of the Sundberg Performance Rules. Version 1 is unprocessed i.e. it has no 
implementation of the Sundberg Performance Rules. Version 2 has an implementation of 
the rules according to the specific type of excerpt. Version 3 has an implementation of the 
rules that is based on means of the implementations specific to each type of excerpt. The 
row M of Ms presents the mean of the three versions' means. 
Version PPS+ ~ APS+ ~ PPS- l APS· ~ PPF+ l APF+ i PPF· ~ APF· 
1 5.9; 7.2: 5.1: 6.3t 5.St 7.3j 5.7: 6.S 
:::::::::i.:::::::: ::::::·~:;ij:::·:>:;:?.:·.:. ·::4.;,~:::::::::~:;:~r:::::§:::§r::::i:~r::::::::::::~:;:::::::7.:::;::1 
3 5.5: 6.6: 4.1: 5.6: 5.6: 6.S: 5.4. 6.61 
M of Ms 5. S: 7 : 4.7: 5.9: 5. T 7 : 5.7: 6. sl 
Table 4.3 Means of the ratings specific to context and version 
Table 4.3 reveals that the average rating for all excerpts and all versions is well into the 
scale of acceptability. In fact the means are all closer to the "excellent" rating than to the 
"Unacceptable" rating. This indicates that the level of acceptability is not just barely 
acceptable, but rather that the level is solidly acceptable and by no means bad. It seems 
from Table 4.3 that there is a slight distinction to be made between versions. It would seem 
that the unprocessed version of the excerpts is either preferred or second to the version 
processed according to the specific type of excerpt. In four cases the unprocessed version 
is rated highest, in three cases it is rated lower than the version processed specific to the 
type of excerpt. and in one case it is rated the same as the version processed according the 
type of excerpt. The versions processed according to a mean of the means from the 
implementations of the rules specific to the excerpt type seem to have received the lowest 
ratings. However it will be recalled that the second experiment used whole numbers for the 
ratings and to some extent the single decimal place could be deceptive and suggestive of 
points that may be spurious. Table 4.4 presents the same data rounded off to whole 
numbers. 
Version PPS+ ;APS+ ;pPS. iAPS. jPPF+ !APF+ lPPF. :APF· I 
........ : .. ~ ...................... :..J. ....................... : .. t.-..................... -;-.t ....................... : ... ; ............... · ..... i .. l ........ .1 ................... ~.: ......... ?, . 
.......... ? .................. §.:..... 7 
3 6: 7 4 6: 6; T 5. 7i 
M of Ms 6 7 
Table 4.4 Means of the ratings specific to context and version· numbers rounded 
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4.5.5 Frequency distributions of the ratings 
Figure 4.6 is a graph of the complete concatenated results. It presents the frequency 
distribution of the ratings for all subjects combined. Thus it indicates the combined 
tendencies in the ratings from all four excerpts and all three types of processing without 
distortions due to calculating means. 
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Figures 4.7 through 4.10 are graphs that present the frequency distribution of the ratings 
for all subjects specifically according to the category of excerpt (S+ S- F+ F-) without 
distinguishing between the levels of processing. 
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4.5.6 Differences in the ratings between contexts 
There is a difference in the ratings given by most subjects to the excerpts according to the 
two contexts 'Professional Opera Production' (PP) and 'Local Operatic Society 
Production' (AP). The differences between the two contexts were determined and collated. 
Figure 4.11 summarises the frequency of differences in the ratings given for all excerpts by 
all subjects between the two categories PP and AP. 
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Figure 4.11 Frequency distribution of the differences in ratings between PP and AP contexts 
4.5.7 Paired t test with confidence interval 
The question arises: by how much did the consistency vary within subjects? To answer this 
question, a paired t test was used to look for systematic differences between the first and 
third iterations of the group of twelve different excerpts. The goal of the t test is to test the 
hypothesis that the mean difference is zero. That is, if there are no systematic differences 
between the two occasions, then the mean difference will be zero, or close to it, and the 
corresponding sample mean will be small. To clarify funher, it will be recalled that in every 
trial the subjects listened to all excerpts three times and that the excerpts were organised in 
groups of twelve. In this manner all subjects heard all excerpts before hearing a given 
excerpt for the second or third iteration. To do the t test, the results from each subject were 
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(p ~ 0.05) 
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separated according to the excerpt and the iteration and then the first and third iterations 
were collated into a data-base. The t test was performed on the ratings given by the subjects 
on the first and third iterations of each excerpt for both contexts (PP and AP) and for all 
subjects (Appendix VII). 
Figure 4.12 presents a graph of the confidence interval and the t test results for the ratings 
given to each excerpt. All CI at the 95% confidence level. The tick legends for the Y axis 
indicate the experiment number, the subject number in the given experiment and the 
context. Thus 3/5AP indicates Experiment 3, subject 5 in the Local Operatic Society 
context. In Figure 4.12 the boundaries of the confidence intervals are joined by lines. The 
upper boundary is the line furthest from the Y axis and the lower boundary is the line 
closest to the Y axis. The results of the t test are not joined by lines and are also further 
differentiated from the CI boundaries by the use of a different plot symbol. 
For each trial there were 11 degrees of freedom. From the t tables it is found that t = 2.201 
at 5% significance and 11 df. Therefore the null hypothesis is rejected if the calculated 
value for t is greater than 2.201 . In most cases the results show t < 2.201 therefore there 
is insufficient evidence to reject the null hypothesis. It is concluded that systematic 
differences were generally not present and that most subjects were consistent between the 
first and last auditions of the groups of excerpts. Figure 4.12 reveals that with the 
exception of three subjects - subjects 2/1, 3/5, 3/6 - all subjects were consistent in their 
ratings of the first and third iterations of all excerpts. This may be seen because most of the 
points that indicate the t test results lie within the confidence interval. 
4.5.8 Ba rtlett 's test 
After considering the consistency of each subject in tum with the t test (within subjects) 
Bartlett's test was used to investigate the consistency of all subjects as a group (between 
subjects). The procedure, equation and calculations are presented in Appendix VII. It will 
be recalled that Bartlett's test reveals consistency by using the error mean squares of each 
subject to examine the error variance among all subjects. Similar to the t test, Bartlett's test 
looks for evidence to reject the null hypothesis. In this case it is hypothesised that there will 
be consistency demonstrated between subjects as there was within subjects. If the subjects 
have the same error variance then error variance 'M' will be distributed approximately as 
a normal distribution with 23 degrees of freedom Le.X2 . From the X2 tables it is found 
that the hypothesis may be rejected if the results sho~11 > 35.17 at the 5% significance 
level. The subject's error mean squares were drawn from the results of the ratings and 
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categorised according to the two contexts used to rate the excerpts i.e. the Professional 
Opera Production context and the Local Operatic Society Production context (PP and AP). 
Bartlett's test was used on the PP and AP groups of error mean squares independently. The 
ability to legitimately split the data to be tested into two groups introduced a control into 
Bartlett's test. Whatever the results would indicate, either to support or to reject the null 
hypothesis, the indication would be stronger if it were to be generated by both groups of 
data tested. As shown in Appendix VII the results of Bartlett's test on the ratings of all 
subjects and both contexts reveal that for the PP context M = 130.31 and for the AP 
context M = 114.01 P S 0.05 (M= error variance). Thus the null hypothesis must be 
rejected and it is suggested that there was little consistency demonstrated between subjects. 
4.5.9 ANOVA 
The last test to be used on the results from the second experiment was a balanced ANOV A. 
The purpose of the ANOVA was to investigate which factors had a significant effect on the 
subjects' ratings of the musical excerpts. Three factors and all interactions of the three 
factors were considered for each of the two contexts for all subjects. The three factors as 
they are represented on Table 4.5 below were SIF (slow/fast), +/- (major/minor), VP 
(Version of Processing). Of the three, the first two are familiar. The third factor VP refers 
to the specific settings of the Sundberg rules. It will be recalled that there were three 
settings i.e. 1. no implementation 2. specific to the type of excerpt s/f and +/- 3. general to 
all excerpts (a mean of the settings specific to each excerpt type). The three settings of the 
Sundberg Rules gave rise to the VP factor with three levels. The rows of the table identify 
the significant factors for each subject and quantifies the significance with the results of the 
f test given in the ANOV A. 
For all results of the f test the probability is given as p S 0.05 with one exception: for 
subject 3/1 in the PP context p = 0.052 and in the AP context p = 0.064. The factors with 
lower probability ratings were included for subject 3/1 because of the comparison with the 
results of the f test for subject 3/1 's other factors. It may be seen in Appendix I that all the 
other factors were given very high p values and very low f test values. Though the 
discretized values indicate that the 95% significance level is not attained by the factors 
significant to subject 3/1, there seems to be no question that the factors, in relation to the 
other factors were indeed significant. Blanks indicate that the given factor was not 
significant. The columns specify the context, PP or AP and the factor(s), major or in 
interaction. The first column 'Subject' indicates the subject according to the experiment and 
the number of the subject in the experiment. So Subject 2/5 is the subject number five in the 
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.............. .LPP ...... ).AP ...... ;.P.P. ...... ;, AP. .. " .. l.p.p. ...... ~.AP. ....... p.p. ....... ~.AP. .... ..;.p..e ...... [.A.P. ...... ~.p..e ..... JA..p. ...... ~.pp. ...... I.A..p. .. ··.· 
Sub ·ed SF : SF : +/- +/- : VP ~ VP SF·+/~ SF·+/~ SF.VP. SF·VP +1-.VP+I-·Vp,s·+·V s·+·V 
4/6: 4.0: 20.9' 17.9:: 8.2: 6.4~ ::! 
Table 4.5 f test results which show the significance of the factors that influenced the subjects' 
ratings of the musical excerpts (p ~ O.pS except for subject 3/1) 
second experiment. Table 4.5 is divided into two parts, the left hand portion presents all the 
major factors and the right hand portion presents all the interactive factors (it will be noted 
that the last two columns of interactive factors s*+*V are in fact s/f*+/-*VP but were 
reduced due to the constraints of space). From Table 4.5 one will note that three subjects 
were shown to have no significant factors that affected their ratings of the musical excerpts. 
Including both major and interactive factors, five subjects had one significantly influential 
factor, eleven subjects had two significantly influential factors, five subjects had three 
significantly influential factors and one subject had four significantly influential factors. 
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4.5.10 Frequency of factors' significance 
Table 4.6 presents the frequency with which the factors were significant within each 
context. For each of the major factors there are fewer indications of significant influence on 
the ratings in the Local Operatic Society Production than on the ratings in the Professional 
Opera Production. For the interaction between factors, in two cases the tendency is 
reversed, and in two cases the frequency is the same. 
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Key to Table 4.6 - X -axis 
.. Professional Context; slowlfast factor 
B .. Amateur Context; slowlfast factor 
C • Professional Context; major/minor factor 
o .. Amateur Context; major/minor factor 
E .. Professional Context; version of processing factor 
F .. Amateur Context; version of processing factor 
.. Professional Context; slow/fast factor * major/minor factor 
H .. Amateur Context; slow/fast factor * major/minor factor 
I - Professional Context; slow/fast factor * version of processing factor 
.. Amateur Context; slowlfast factor * version of processing factor 
L 
K = Professional Context: major/minor factor * version of processing factor 
L .. Amateur Context; major/minor factor * version of processing factor 
M II: Professional Context; slowlfast factor * major/minor factor * version of processing factor 
N .. Amateur Context; . ~!owlfast factor * major/minor factor * version of processing factor 
M 
Table 4.6 Frequency of the factors, that significantly affected subjects ratings in both contexts 
N 
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4.5.11 Brief review 
In this section the data from the second experiment and the results of various statistical 
procedures on those data were presented. Where appropriate, aspects of the statistical 
procedures were explained. The detailed results of the statistical procedures and various 
equations and their associated calculations will be found in the appendices. A full 
discussion of the results follows in the next section. 
4.6 Discussion 
4.6.1 Introduction 
The following discussion will begin with an overview of the significant findings of the 
study. Limitations of the study will be discussed and recommendations for further research 
related specifically to this study will be proposed. The discussion will mainly revolve 
around research questions related to the study. The principal purpose of the discussion is 
regarded as a provision of answers to the research questions drawn from the results of the 
study. 
4.6.2 Overview of findings 
Four groups of six subjects listened to thirty six electronically generated performances of 
four musical excerpts which had been altered in one of three ways by five of the Sundberg 
Performance Rules as implemented in the Director Musices software. After listening to each 
excerpt, the subjects rated in two contexts the acceptability of the performance they heard. 
The ratings of all subjects were collated, tabulated, analysed, and the results were then 
organised and presented in the previous section. 
4.6.3 Reliability of the study 
As in the first experiment, it seems appropriate to briefly review the reliability of the study. 
the second experiment was based on the model of standard listening tests. This is a proven 
standard method used in both perception related research and audio tests. It was explained 
why the second experiment are considered object-oriented tests and therefore why it was 
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reasonable to source test designs used specifically for audio listening tests rather than tests 
used in perception related research. Thus the experimental design was a modified version 
of a much used and standardised method. Furthermore, the principal instrument used in the 
second experiment, i.e. the rating scale, was a modification of standard rating scales for 
audio listening tests. Thus the instruments and general design may be regarded as reliable 
and proven methods and tools. 
Similar to the first experiment, the ANOV A statistical procedure was used on the data from 
the second experiment. Without going into the details already presented in the discussion of 
the first experiment, it will be recalled that the linear model can be shown to be appropriate 
through an examination of the residuals and the fit. From the residuals and the fit of the 
analysis of variants it was possible to determine that there was no reason to reject the 
hypothesis that the results may be interpreted by a linear model. Within reasonable 
expectations of experimental investigations, it seems that one may conclude that for a single 
example of object-oriented listening tests applied to a new area of research, the results are 
reliable and support the previous work of Sundberg, Askenfelt and Friberg. 
Further evidence of the reliability in the results may be seen in the t test and Bartlett's test. 
The results of the t test presented in Figure 4.12 indicate that there was consistency within 
subjects. Most points lie between the confidence interval, and the few outliers are not 
extreme. Bartlett's test revealed a high degree of variability between subjects, which seems 
to indicate that the subjects were responding in an individual fashion rather than in some 
generally applicable manner common to all. The consistency within subjects combined with 
the variability between subjects seems to suggest that the subjects were not operating as 
random number generators but were indeed responding in a consistent fashion to the given 
stimuli. 
4.6.4 Performance Quality Assessment 
With regard to the task carried out by the subjects a question arises regarding the nature of 
the task. The question to be answered is 'What exactly were the subjects doing?'. It is 
understood that the subjects were rating the acceptability of a given performance of a 
musical excerpt. To choose a particular rating, the subjects had to decide that one rating 
was a better qualitative/quantitative description of a given musical performance than all 
other available ratings. To decide on a rating, the subjects had therefore to choose between 
ratings and select the best fit. The performance and the ratings are not related in an absolute 
fashion. If an excerpt may be excellent to one subject and unacceptable to another, then no 
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objective relationship between a given excerpt and a specific rating can exist. 
Though the relationship is therefore seen to be subjective, the ratings chosen by the 
subjects are not considered arbitrary choices, but judgments. When the subjects chose a 
particular rating, the subjects were exercising their best judgment about a specific aspect in 
the performance of musical excerpts. The qualifying factors that change choices into 
judgments are 1. the framework within which the subjects were selected and 2. the 
framework within which the subjects made their choices. 
The fIrst framework considered the subjects as a distinct population. The subjects were 
presented as representative of that portion of an average audience which lies at the top end 
in terms of musical knowledge and education. Although there was no strong evidence in 
the first experiment to support the factor of musical training as significant in establishing 
the implementations of the Sundberg Performance Rules, it is not therefore suggested that 
the significance of musical knowledge and experience can be ignored. As a group, it is 
assumed that musically trained subjects who are not necessarily considered experts by all 
still possess sufficient characteristics as to make them distinct in their abilities from 
musically untrained subjects. Though it is not necessarily possible to identify exactly all the 
elements that musically trained subjects possess which make them distinct as a group, it is 
not reasonable to deny that the elements exist. 
Without reiterating all arguments previously presented, it will be recalled that the context of 
the second experiment is the ecological environment, i.e. live opera productions. Those 
who would possibly without question be regarded as experts in the field, if used 
exclusively to rate performances, could without doubt produce data that is more reliable 
from the perspective of experts. But an average audience that attends professional or semi-
professional opera performances is not composed exclusively, or even significantly of 
experts. To use 'experts' would in fact ultimately bias the results in a direction that would 
make them interesting to some, but not necessarily applicable in the ecological 
environment. It is by no means argued that musically trained subjects representative of the 
top end of an average audience will generate data completely acceptable or even similar to 
the data generated by experts in the field. But musically trained subjects will generate data 
that is likely to be applicable to the ecological environment - data which is the fundamental 
context of this study. 
Thus the first factor that reinforced the significance of the second experiments is the sample 
population. The second factor was the establishment and definition of two contexts within 
which the rating scales were applied. Had the experimenter not established contexts for the 
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rating scales, then the subjects would have had to create one in their own minds. By 
defining it for all subjects some consistency and unity was given to the meaning of the 
ratings. Of course, the subjects still had to define for themselves the meaning of 
'Professional Opera Production' and 'Local Operatic Society Production'. Probably few if 
any subjects actually thought in great detail about the differences between the two contexts. 
But without doubt musically trained individuals would know where to classify the Royal 
Opera House and a local Gilbert and Sullivan society according to the two contexts. It is 
not suggested that there exists an absolute rating for each musical excerpt within each of the 
two contexts. It is however suggested. and revealed in the results, that a group of twenty 
four musically trained subjects can demonstrate some consistency in their ratings. and are 
able to define some general boundaries. Given the two contexts, the subjects did indeed 
define general boundaries. Thus based on the two qualifying factors 1. defined sample 
population and 2. defined rating scale and context, the experiment is seen to be a successful 
heuristic-object-oriented design that generates normative, quantitative data based on 
qualitative judgments. 
The concept of rating in a controlled environment the acceptability of the musical 
expression manifested by a given electronically generated performance is unduplicated in 
the literature. Although myriad types of listening tests have been performed, none have 
been found to specifically address the acceptability of the musical performance. In fact the 
nature of the second experiment may be aligned with a form of music criticism that does not 
currently exist but could be reasonably established. A formalised method of music criticism 
that uses object-oriented listening tests based on a standard rating scale does not exist. No 
formalised tests or rating scales occur in the area of music criticism. There are also no 
international consensuses regarding any formalisations of music criticism. For this reason 
the design and reliability of the second experiment could not be completely referenced and 
modelled. 
Thus it was stated in the objectives of the experiment that one of the intentions underlying 
the purpose of the second experiment was to test and demonstrate the viability and potential 
of object-oriented listening tests in which subjects rate the quality or acceptability of a given 
musical performance. Sundberg has indeed performed listening tests in which subjects 
indicate preferences for various electronically generated excerpts. Preference provides data 
primarily about the subjects themselves. The conclusions Sundberg draws are based on a 
consensus of preferences shown by expert listeners. The approach is that after a consensus 
of preference is indicated by expert listeners, that which is preferred may be shown to be 
distinct in some fashion. This is a two step approach i.e. if a consensus of preference is 
shown, then a conclusion may be drawn regarding the preferred item. Object-oriented 
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listening tests are a single step approach after which conclusions may be drawn directly 
from the results. The focus on preference is reduced because the questions are not subject 
oriented, i.e. what the subject prefers, but object oriented, i.e. the acceptability or quality. of 
a given musical excerpt. One could perhaps liken such tests to using humans as the 
equivalent of a meter to measure quality - a 'subjectively weighted meter'. It may seem that 
the distinction between the two kinds of listening tests is thin - in both forms of listening 
tests the results depend on subject preferences - but the distinction is clear and important. 
In subject oriented preference tests the goal is to identify the preferences of subjects. In 
object oriented tests such as the Performance Quality Assessment tests described herein, the 
goal is to rate stimuli and gain information about the stimuli, based on indeterminate subject 
preferences. 
It is therefore proposed that Performance Quality Assessment tests may be the basis for a 
framework of course work in music institutions at the very least, and a newly defined area 
of research in the wider academic community. 
4.6.5 What the results indicate 
The results of the second experiment were examined using graphs, tables and statistical 
analysis. The principal research question regarded the acceptability of electronically 
generated musical extracts. The results indicate all excerpts were acceptable. As stated 
above, from Table 4.3 'Means of the ratings specific to context and version' one can see 
that the ratings of the electronically generated performances were closer to the top end of 
the scale than to the bottom end·. Thus one may conclude that all of the performances were 
strongly acceptable. 
• 
The experimental situation was ~ot favourable by comparison with a live opera production. 
There are many stimulations in live oepra that were not present in the experimental listening 
room. Furthermore, the experimental listening room permitted the subjects to focus more 
attentively on the orchestral performance than they are likely to do in a live production. 
It is also worth noting that though the quality of sound was included as a factor to reduce 
the noise present in the ratings of performance quality assessment, the quality of sound was 
rated as acceptable in the majority of cases. 
The next significant research question examined the quantity of expression manifested by 
the performance of a given excerpt. Specifically the issue regarded the levels of 
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implementation of five of the Sundberg Performance Rules. In terms of the second 
experiment, the objective was to determine which of three implementations of the Sundberg 
Performance Rules, two experimentally derived, received the highest ratings in (object-
oriented) listening tests. The results presented in the two tables Table 4.3 and Table 4.4 
'Means of the ratings specific to context and version (- numbers rounded)' indicate that 
there is no significant difference in the ratings given as a result of the various 
implementations of the rules inclusive of no implementation at all. The ANOV A supports 
this conclusion. The ANOVA results indicate that for seven subjects the factor VP (Version 
of Processing) was significant. Of those seven, it was significant as a major factor for only 
two, and for five in interaction with other factors. In every case, the f test result of the 
version of processing as a factor is weaker than any of the other factors for the given 
subject. The significance of the weakness is that it reinforces the conclusion that an excerpt 
that has no processing is acceptable within the context of opera performances. Overall, the 
strength and presence of other factors in the results of the ANOV A, and the absence and 
weakness of the VP factor seem to indicate that though a preference for the implementation 
of the Sundberg Performance Rules is strongly supported by the results of the first 
experiment, the demand for musical expression as implemented by the Sundberg rules is 
not very significant in an environment where preference is not the primary influence. 
The final and lesser research question regards the difference between ratings of the same 
excerpt in the two given contexts. From the tables and graphs, it is noted that the large 
majority of the ratings are differentiated in the two contexts by one rating level. Most of the 
remaining ratings are differentiated by two levels or no levels i.e. they are given the same 
rating. Most of the remaining ratings are differentiated by three levels and a few by four 
levels or are reversed i.e. a given excerpt is rated as less acceptable in the Local Operatic 
Society Production than in the Professional Opera Production. It seems noteworthy that the 
majority of ratings demonstrate only a small difference in acceptability. This seems to 
suggest that in the minds of an average audience in the U.K., there is not a great deal of 
difference between fully professional, and semi-professional opera organizations. One 
possible hidden comment seems to be either that Local Operatic Society Productions are 
deemed to generally provide a very high level quality, or that Professional Opera 
Productions are deemed to generally provide a low level of quality. 
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4.6.6 Summary of the results 
To summarise the results presented in the tables, graphs and statistical results, the principal 
observations may be summarized as follows: 
(1) ratings given for excerpts were higher in the Local Operatic Society 
Production Context than in the Professional Opera Production Context 
(2) the majority of differences between the ratings given for the Local Operatic 
Society Production Context and the Professional Opera Production Context 
was one rating level. The next two most common differences were two rating 
levels and no rating levels. 
(3) considering both contexts, the large majority of excerpts were rated at S, 6, 7 
and 8. Of the ex~erpts rated S, 6, 7 or 8 the majority were rated 6 or 7. 
(4) the large majority of ratings were closer to the "Excellent" rating than to the 
"Unacceptable" rating. 
(S) there was nothing to indicate that the level of processing was a significant 
factor in the ratings given by the subjects. 
4.6.7 Limitations of the study 
The results must be seen for what they are. A group of twenty four subjects rated four 
polyphonic musical excerpts that manifested various levels of expression as implemented 
by the Sundberg Performance Rules. Their ratings were given as a result of judgments 
based on their knowledge and ~xperience. Ancillary factors may have contributed to the 
results and may have interfered with an accurate portrayal of the ecological environment. 
Some of the factors that may have specifically contributed to the relative insignificance of 
the Sundberg rules are: 1. polyphonic musical excerpts may be less effective in revealing 
the advantages of processing with only five of the Sundberg rules than monophonic 
excerpts; 2. polyphonic orchestral repertoire extracted from standard opera literature may 
need completely different rules from polyphonic solo orchestral repertoire; 3. a department 
that has a strong technical presence may generally provide subjects who are positively 
disposed (and biased) toward concepts that include the use of electronics in music. 
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4.6.8 Further experiments 
In order to further test the validity of the results, it is suggested that similar experiments be 
performed wherein an additional context is defined in which the musical excerpts heard are 
considered as solo perfonnances rather than as accompaniment. One may expect that a large 
and significant difference in the ratings of acceptability will be present. It will further the 
knowledge regarding the relative importance for an average audience of the orchestra in 
opera productions. It will also reveal more about the general expectation for expression in 
the performance of music. Clearly a desirable experiment could involve producing a one act 
opera with an electronically generated orchestral accompaniment. Perhaps it would be more 
useful to consider a series of short excerpts from a variety of periods and styles rather than 
a single work. 
4.6.9 Conclusion 
In this chapter, the second experiment was presented and reviewed. The results were 
clarified, and their significance elucidated. All aspects were consistently related to the 
context of opera productions - the general context of this study. The design was considered 
in the context of object-oriented tests and the term Performance Quality Assessment was 
defined to describe the specific nature of the tests. The following conclusions may be 
reached based on the results of the second experiment described above. 
(1) The design of the second experiment seems to be reliable and effective. The 
concept of Performance Quality Assessment seems to be functional. 
(2) Levels of implementation of the performance rules established in the frrst 
experiment were not reliably distinguished, and cannot be said to have been 
preferred by the subjects in this second experiment. 
(3) The orchestml portion of opera repertoire in the late romantic period that is 
electronically generated may be found acceptable in the live performance of an 
opera production. 
(4) The expectations held by an average audience regarding the quantity of 
expression that ought to be manifested by the orchestral accompaniment in 
opera repertoire is not shown to be very high. 
(5) The equipment needed to produce acceptable electronically generated 
accompaniment repertoire is standard, readily available and relatively 
inexpensive commercial equipment. 
(6) The second experiment further substantiates the value of the Director Musices 
software as a useful research tool. 
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Chapter 5 
Discussion and conclusions 
5.1 General discussion and conclusion 
5.1.1 Organisation of the chapter 
In this chapter the study and the results of the study are briefly reviewed. A review is 
given of the research goals and the results of their incorporation into the experimental 
design. The relation of the experiments to the ecological environment is discussed. 
New research goals and areas for further research are presented. 
5.1.2 General review of this study 
This study addressed issues related to the Sundberg Performance Rules. It began with a 
review of the current published literature. The literature review discussed five 
experiments in detail. The experiments were put forth as representative of experiments 
reported in the literature and were discussed carefully to elucidate the issues that are 
representative of the topics addressed in the literature. Of the five experiments, three 
were discussed in a critical fashion similar to the critical analysis of the general body of 
pertinent Ii terature. 
As a result of the literature review it was possible to establish research goals. The 
research goals were used to delimit the experimental work of this study and to define 
the specific areas and aspects to which this study should be addressed. 
Two experiments were described. The designs of the experiments were complimentary 
and covered all aspects set out in the research goals. The first experiment was designed 
as an empirical investigation to establish implementation levels of five of the Sundberg 
Performance Rules. The design of the first experiment also included the creation of a 
significant data-base useful for statistical analysis regarding questions not necessarily 
related to performance rules, and for comparative study once further experimentation is 
undertaken. The second experiment, described as a Performance Quality Assessment 
Test was designed as a modification of standard listening tests and performed as a 
support for, and verification of the results from the first experiment. The modifications 
included the design and use of a rating scale to rate the acceptability of given musical 
stimuli. 
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5.2 Review of the research goals 
All the research goals were considered and implemented in either one, or both of the 
two experiments. The research goals together with the aspects of the two experiments 
that addressed the goals are listed below. Included are discussions of the results from 
the two experiments in the context of previous research and in relation to the individual 
research goals. 
5.2.1 Research goals with regard to the Sundberg Performance Rules 
• Establish implementation levels through experimentation. 
Five of the Sundberg Performance Rules were selected for both of the 
experiments. In the first experiment, 48 Subjects established the 
implementation levels of the rules in three separate trials. In the second 
experiment the levels established through the procedure of the first 
experiment were tested. 
In previous research, Sundberg had identified implementation levels of 
the rules through experimentation. However, much of the research 
remains unpublished. Furthermore, the experimental design included the 
use of few subjects, only one rule per dedicated musical excerpt, and 
various other conditions that seem to reduce the strength of the 
experimental results. 
The results of this work indicate that a consensus is reached by subjects 
on the settings for the rules, and that there is nothing to indicate a strong 
difference between the performance rule levels implemented by the 
musically trained subjects and the performance rule levels implemented 
by the musically untrained subjects. This stands in contrast with various 
indications given by Sundberg that musical training is significant for 
setting the rules, and a difference will be apparent between the groups 
(Sundberg et al 1991). 
• Use all rules in all categories of excerpts. 
In all three trials of the first experiment subjects were required to set 
implementation levels for all five rules and for all excerpts. Across all 
three trials subjects worked at least once with all musical excerpts. In the 
second experiment all five rules were implemented in all categories of 
excerpts. 
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To do a balanced statistical analysis it was clear that all stimuli had to 
have common factors affecting their adjustment. It was useful to have an 
equal basis of comparison for all excerpts - the subtle differences in the 
• implementations of the rules for the different excerpts that became 
apparent in the results would not have been evident in any other 
experimental design. 
• Use several rules at the same time. 
In the first experiment, in all trials and with all excerpts, subjects were 
required to consider implementing all five rules. Although there was no 
requirement to actually implement all five rules, most subjects 
implemented all five rules simultaneously in all musical excerpts. In the 
second experiment all five rules were implemented simultaneously. 
There is no published research outside of this work which examines the 
results of having subjects set levels for several perfonnance rules at the 
same time. In various discussions the assumption was commonly made 
that the implementation levels of the perfonnance rules would be greatly 
reduced compared with levels when perfonnance rules were applied 
individually and singly. The assumption was made due to the interaction 
between rules which would cause certain effects to be exaggerated. The 
corollary of the assumption was that the subjects might have difficulty 
working with several perfonnance rules because of the complexities of 
the interactions, and because the implementation levels of the rules 
would be too low for the subjects to perceive a real difference. 
The results in this work do not agree with the common view associated 
with using several perfonnance rules at the same time. Rather the results 
of this work seem to suggest that although interaction between 
perfomlance rules did indeed take place, the subjects had no difficulty 
accommodating the interactions or working with the mUltiplicity of 
perfonnance rules. Furthennore the consistency demonstrated by the 
subjects indicated that despite the interactions between perfonnance 
rules, the work with several performance rules was by no means 
haphazard or unrelated to the specific effects of each rule. 
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5.2.2 Research goals with regard to the musical excerpts 
• Define specific categories of excerpts. 
The excerpts used in both experiments were categorised according to 
their tempo, i.e. slow or fast, and according to their modality, i.e. major 
or minor. This is the first published research to examine implementation 
levels of performance rules and include the tempi and modalities of the 
musical excerpts as factors in the data analysis. 
• Consider the categories as factors. 
The categories were used as factors in the GLM test performed on the 
results of the first experiment. The categories were also used as factors 
in the ANDV A test performed on the results of the second experiment. 
As already mentioned, it was only possible to identify the suggestion of 
a training effect because the additional factors, tempo and modality were 
considered in the analysis. Furthermore, the inclusion of these two 
factors in the experimental design made it possible to observe the 
significance of the tempi and modalities of the excerpts on the subjects' 
choices for setting the rules. The results suggest that this is an area that 
needs further detailed experimentation. 
• Do not choose the excerpts because of any inherent ability to reveal the effects 
of the rules. 
The excerpts for the first experiment were chosen because of their 
musical validity as monophonic excerpts and because of their ability to 
reflect clearly the four excerpt categories Le. fast-major, fast-minor, 
slow-major and slow-minor. The excerpts were not chosen out of any 
consideration for an ability to reflect the use of rules. In the first 
experiment one of the excerpts had no repeated notes and it will be 
recalled that as a result of the compositional nature of this particular 
excerpt, one of the rules had no effect at all. In the second experiment 
the musical excerpts were again chosen because of their ability to be 
complete musical statements and their ability to reflect clearly the four 
excerpt categories. 
By avoiding the selection of excerpts according to their ability to reflect 
the effects of performance rules, the results of the experiment may be 
seen as applicable to any excerpts that fall into one of the four categories 
defined in this work. This was a limitation on all previous published 
experimentation. In no publication is it made clear how or why a given 
excerpt is chosen as particularly effective for revealing the results of 
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processing by performance rules. In addition, by giving special 
consideration to the selection of excerpts according to the performance 
rule that was to be implemented, it seemed to suggest that the 
performance rules were less than universal in their application. 
According to the results of the two experiments in this work, this special 
consideration appears to be generally unnecessary. 
• Use monophonic and polyphonic music. 
In the first experiment, the musical excerpts were monophonic and in 
the second experiment the musical excerpts were polyphonic. 
There is some research that investigates the effects of the ensemble rules 
on polyphonic music. But there is no published research that 
investigates the effects of a combination of several rules on polyphonic 
music. 
5.2.3 Research goals with regard to the subjects 
• Define and classify subjects according to training and experience. 
Two categories of subjects were clearly defined for the first experiment. 
The subjects were categorised based on their responses to questions that 
were submitted to them through the use of a questionnaire. By clearly 
defining and specifying the subjects to be used in the experiments, it 
was possible to consider a relationship between the levels of musical 
training and the implementation levels of the performance rules. 
• Consider training and experience as a factor. 
In the first experiment the GLM test included the musical training of the 
subjects as a factor. It seems likely that the consideration of musical 
training as a factor would not have been possible if the excerpts had not 
been categorised as well. As stated above, the results obtained for the 
training factor would probably have been swamped by statistical noise if 
the categories for the musical excerpts had not been considered in the 
same analysis. This work is the first published research to provide 
statistically significant data regarding the individual significance of the 
three factors as well as the interactions between the three factors. 
·Use both musically trained and musically untrained subjects. 
The first experiment was designed to be equally effective for all subjects 
regardless of their musical training. No assumptions were made about 
the abilities of the subjects to establish implementation levels. The 
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accommodation of this research goal in the experimental design 
permitted observations to be made about the differences in subject 
performance due to musical training. Further discussion of the results in 
relation to the difference between subject groups based on training is 
addressed below. 
5.2.4 Research goals with regard to general considerations 
• Create a database of the subjects used and of all settings during trials. 
A careful record was made of all settings during all trials in the fIrst 
experiment. The record is available for comparison with the results of 
further analysis and is also readily available for further statistical 
analysis independent of considerations related to performance rules. 
This research provides the fIrst published detailed record of results from 
a large-sample investigation into performance rules. 
• Design the experiment to be sensitive to training effects. 
In the fIrst experiment, one of the excerpts given to every subject was 
assigned first in the fITst trial and last in the last trial. It also occurred 
randomly in the second trial. As a result there was a good source of data 
to explore the existence of a training effect across the three trials. The 
possibility of using a software implementation of the Sundberg 
Performance Rules for the purpose of improving the musical perception 
and cognition of interested individuals may be an important development 
of research into performance rules. This work provides a good source 
of the first evidence to support further research into this area. 
• Use a large enough sample size for there to be a high probability that the 
results will have a high level of statistical power. 
Both experiments were carefully designed to be statistically signifIcant 
and balanced in several directions. The first experiment involved forty-
eight subjects and the second experiment twenty-four subjects. These 
numbers may seem very small compared to the thousands of subjects 
used in various other sciences such as sociology, nevertheless for any 
study related to expression in music the magnitude of the numbers of 
subjects used is, as far as the author is able to determine, unique. 
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• Use a carefully designed procedure for the experiment to be regarded as 
rigorous. 
The procedures of both experiments were based on experimental 
designs that were already extensively tried and proven. 
• Report in enough detail for the experiments to be reproducible. 
The details of the experiments submitted in this work are considered to 
be sufficient for anyone to replicate the experiments and duplicate the 
results. 
5.3 Critical review of the results 
There are a number of issues that may be raised with respect to the realisation of the 
research goals in this work. Although the methods and procedures are argued to be 
intrinsic to the above implemented experimental designs, in certain aspects the methods 
and procedures may also have influenced the results. In further experimentation it may 
be advisable to consider altering aspects of the methods and procedures to test 
alternatives. 
The issues are as follows: 
• One fundamental assumption made is that the implementation levels of the Sundberg 
Performance Rules that were experimentally determined for monophonic excerpts in the 
first experiment may be applied to polyphonic excerpts in the second experiment. There 
is no published research to indicate that this is either valid or invalid. It is possible that 
not only do polyphonic excerpts need different sets of performance rules from 
monophonic excerpts as pointed out in the limitations given in chapter four, but it is 
also possible that performance rules need different implementation levels from 
monophonic excerpts. To address this issue, it would be interesting to replicate the flI'st 
experiment performed in this work with the exception that polyphonic music is used. It 
would then be possible to make a direct comparison with the results of the first 
experiment. If the results were significantly different, it would then be interesting to 
repeat the second experiment with the newly derived settings. 
There are three reasons why the excerpts used in the flI'st experiment in this work were 
not polyphonic: 1. with only a few exceptions, most of the research in performance 
rules and indeed in musical expression is in relation to monophonic excerpts. To base 
one's research on existing research was considered to give the experimentation a better 
basis for interpretation and comparison; 2. a large sample study dedicated to 
monophonic excerpts had not yet been undertaken; 3. the complexities of working with 
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polyphonic music could have been a potential source of sufficient noise to compromise 
the internal validity of the first experiment. Given the time available for research it was 
decided to continue with a detailed and reliable study into monophonic excerpts rather 
than to dilute the rigour and significance of the study by trying to cover all possible 
factors. Now that the large sample study is completed. it would be possible to do 
another experiment that would address the question of polyphonic excerpts in as much 
detail as the monophonic excerpt experiment in this work. 
• The musical excerpts were all drawn from the orchestral ponion of late romantic opera 
repenoire. The orchestra in opera functions as the accompanist in the production. An 
imponant nuisance factor may be caused by the absence of solo lines associated with an 
accompaniment, usually provided in opera by the singers on stage. Funhermore an 
accompaniment is not a complete musical composition without the solo lines. This 
nuisance factor was considered in the selection of musical excerpts. When selecting the 
excerpts. care was taken to choose excerpts that were complete musical structures. 
There are many moments in opera when the accompanying orchestra assumes the role 
of the soloist and performs the music alone. In some compositions these moments may 
stretch to a very long time indeed, all of which provides a researcher with ample 
opponunities to find musical excerpts that are unaffected by the possible nuisance factor 
mentioned here. 
• Another nuisance factor in both experiments may be the nature of the subject's 
personal involvement with the task. In the first experiment, though a comparison was 
drawn between the activities of the subjects and the activities of a musician practising an 
instrument, the comparison may be considered weak with regard to the personal 
commitment brought to tasks by the respective individuals. A musician practising for a 
performance has in principle a very high personal stake in achieving the best possible 
performance. The subjects in the first experiment had no personal stake to achieve any 
kind of performance. However, it was noted that only one subject completed the trials 
with very few iterations of the excerpts and so it is maintained that the experimental 
environment galvanised the attention and involvement of the subjects in a manner 
similar to a musician practising their instrument. 
In the second experiment, the ratings by the subjects may have been different if the 
contexts had been replaced by financial delimitations rather than descriptive delimiters. 
It was assumed that most music-students at the university level would have a 
conception of the possible difference between the two given contexts. Consideration 
was given to using a more direct approach in which two contexts were described: a 
performance which was free, and a performance which cost anywhere between twenty 
or thiny pounds. However this may have caused a further nuisance factor to appear i.e. 
the relative significance of thirty pounds to a music-student. There is no academic 
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source of information on the financial situation of those who attend performances of 
opera. It is submitted however that most of those who attend opera performances are in 
a financial bracket for whom a thirty pound ticket may not represent the same sacrifice 
as it would for a music-student. Unfortunately it is imagined that if the contexts had 
been defined in terms of financial considerations, the ratings would have been 
significantly different in that they would have been closer to unacceptable than they 
appeared in the above experiment. However the emotive powers of financial 
considerations are completely beyond the scope of this dissertation, hence the decision 
was made to avoid this issue by choosing the approach taken. 
• There is a considerable amount of information to be gleaned from a careful and 
detailed statistical analysis of the complete data-base available from the results of the 
first experiment and including the data from the questionnaires. Although all of the 
information pertinent to this study was extracted from the data-base and disclosed in 
this work, much more of the available information was not distilled out and reported. 
This extensive data-base is considered one of the contributions made by this study, and 
it may be worth noting that it is already part of an independent research project in the 
Department of Maths and Computer-Science at the University of Surrey. 
• it was noted that subjects drawn from a student body in attendance at a music 
department that has a strong presence of electronic music, may evince a positive bias 
toward and familiarity with electronically generated music that is not common to all 
music students. In other words, subjects drawn from a student body at a traditional 
music conservatory may reveal a different and possibly negative bias compared with the 
subjects used in this work. However it may also be the reverse. Subjects familiar with 
electronic music may be more attuned to and aware of the possibilities available in 
electronically generated music than subjects who have no familiarity or experience. 
Hence it may be that the subjec~s who have experience with electronic music are more 
critical and demanding of electronically generated music than subjects who have no 
experience. 
5.4 Relation to the ecological environment 
5.4.1 Introduction 
A question that arises is the relation of the experiments to the ecological environment. 
Are the results obtained reliable enough to be applicable outside the experimental 
environment? Four points are raised in relation to this question: (1) the education levels 
attained by the subjects used (2) the effect of the experimental environment (3) the 
relevance of the results (4) choice of sample popUlation. 
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5.4.2 The education levels 
The concept 'outside the experimental environment' refers to applying the results to the 
ecological environment, i.e. theatres and other venues normally used for the production 
of opera repertoire. To provide some background on the current ecological 
environment, statistics were drawn from a recent average audience survey designed and 
implemented by the Ruhr-University in Bochum (Hammann & Tebbe 1995). It should 
be remembered that the density of opera and other performances in the Rhein-Rhur 
valley is one of the most concentrated in the world. Though not representative of every 
locality internationally, it may be considered representative of dense population centres 
in industrial countries. Among other questions, the survey reviewed the education 
levels of those who attended orchestral performances at the main theatre in Essen. Of 
1125 valid responses, 31.8% had a university education, 18.0% had finished the 
'Abitur' (equivalent to A levels), 24.8% had finished high-school, 12.8% attended a 
technical college 11.6% had completed elementary education and 1.1% had no 
completion at all. 
For comparison's sake, all subjects used in the first experiment described in this work 
had finished A levels and were either engaged in, or had completed at least one 
university degree. This should be compared with the 50.3% of individuals in the above 
cited study who had not reached the A levels. Funhermore, in the second experiment, 
all the subjects had advanced music training and were either engaged in, or had 
completed at least one degree in music. Although arguable, until proven otherwise it is 
suggested that a correlation can be drawn between levels of education and the likelihood 
of attending opera productions. It seems safe to assume that the discrimination 
exhibited by the subjects in the first experiment and the second experiment should at 
least equal the average audience in an ecological environment even though the ages, and 
therefore the experience, were heavily biased toward the 18-25 age group in the second 
experiment. Thus it is argued that any results provided by the subjects in either 
experiment are at least representative of, if not more critical and restrictive than, an 
average audience in situ. 
5.4.3 Effect of the experimental environment 
With regard to the experimental environment it is argued that the artificial environment 
represented by a dedicated audio listening room is more stringent and exacting than the 
ecological environment. With respect particularly to the second experiment in which the 
two opera contexts were specifically given in order to establish a link with ecological 
environments: it should be remembered that a dedicated audio listening room does not 
have the myriad extraneous factors common to the ecological environments which may 
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distract and perhaps completely overwhelm attention that in the audio listening 
environment is given exclusively to the quality of the 'orchestral' playing. 
5.4.4 External relevance of. ·the results 
The results, in particular of the second experiment, may be seen to have a significant 
external relevance. The indication that it is acceptable to use an electronic system as the 
accompaniment for live productions of western opera may be significant for the 
industry. 
In support of the indicated acceptability of an electronic system to accompany opera, the 
Rhein-Rhur study mentioned previously revealed some pertinent statistics regarding the 
relative importance of orchestral quality in the ecological environment to the average 
audience. With reference to orchestral concerts, not opera performances in which the 
orchestra is less featured. when asked to identify that which was most important or 
"gefaIlt Ihnen besonders" (translation: pleases you especially) only 19.9% of 346 valid 
responses selected 'a good orchestra'. Of the remaining choices, the high percentages 
were 32% for diversity (of programs), 12.7% nameplate and 10.7% explanatory 
presentations. All others were under 5% except for 'music in general' 7.5%, 'good 
soloists' 7.2% and 'good conductors' 5.8%. 
Therefore the assumption may be made that the importance of a good orchestra for 
opera productions will not exceed the rated importance of a good orchestra in solo 
orchestral performances (it is regrettable that in the audience survey the same question 
was not asked with reference to opera). In the second experiment, where 100% of the 
focus was on the rating for acceptability of performance, the final result must be placed 
within the overall context of a relative importance that may not necessarily exceed 20% 
of the totality in the ecological environment. Hence even if the results had indicated that 
when given 100% attention by the subjects, no electronically generated accompaniment 
was acceptable at all; its unacceptability may still only be 20% significant and may 
theoretically be irrelevant when considered in the context of other factors. But the 
results indicated that the electronically generated orchestral music was acceptable even 
in a situation when the attention of subjects was focussed entirely on the orchestral 
music. It is therefore submitted that in the ecological environment similar results would 
be obtained. 
Given the level of acceptability determined by the experimental work described in this 
study, the potential of accompanying conventional opera using computer controlled 
electronic instruments increases in attractiveness and viability with the ever increasing 
power of micro-computers and the continuous development of sophisticated and 
inexpensive electronic instruments. Hence it may be worthwhile to accompany some 
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live perfonnances of opera with an electronic system in those situations when it is not 
possible or even advantageous to use a live orchestra. 
To test, even to a limited extent, the viability of using electronic equipment to 
accompany opera in live performance a presentation was given by the author on 
February 21, 1995 to academics and representative members of the professional music 
industry. Three fundamental aspects of technology common to electronically generated 
music were addressed: (1) musical expression contained in MIDI files; (2) behaviour of 
electronic instruments used to generate sound; (3) real-time control of musical output. 
Specifically, the technology demonstrated that related to musical expression was the 
Director Musices software (Friberg 1995). The technology demonstrated that related to 
the behaviour of electronic instruments was a demonstration of the Yamaha Virrual 
Acoustic Synthesizer -VLI (Yamaha 1995) and the technology presented that related to 
real-time control was a demonstration of the Light-Baton (Bertini & Carosi 1992). The 
presentation closed with a perfonnance of the "Aria di Gilda" from Rigoletto (Verdi), 
in which a soprano was accompanied live by a computer-mediated electronic system 
that was controlled in real-time with the Carosi Light-Baton, and provided the 
orchestral accompaniment. As a result of the presentation/colloquy, it was concluded 
that the general concept of usingo~electronic equipment to accompany traditional western 
opera had considerable merit, in particular when considered as a method to provide the 
orchestral accompaniment for touring productions. 
A number of arguments were presented at the colloquy to support the benefits of using 
electronic equipment for touring productions. Very briefly, the arguments are as 
follows: 
Currently the costs for touring with a full live orchestra are generally prohibitive and 
exorbitant cost is one of the principal reasons commonly cited against the viability of 
tours (Hellfritzsch 1993). Also, in the instance of a tour with a live orchestra many 
problems arise related to moving, accommodating and managing a large group of 
musicians which conspire to create a tour that is complex and management intensive. 
Given 
- the cost of touring with electronic equipment is significantly less than with a 
live orchestra 
- the ability and flexibility to tour is greatly enhanced with electronic equipment 
over a live orchestra 
it is suggested that opera companies will find it attractive to tour more frequently and 
widely than is currently possible. 
It is further submitted that once a tour is arranged to a community that does not have 
many or any professional quality performances of opera each year, a number of 
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ancillary benefits may accrue both to the opera company and the local community, 
depending on the abilities of the touring company to maximise all opportunities. The 
following illustration is provided in support of this point: given a situation in which an 
individual has to choose between attending two equivalent professional quality 
productions of a given opera, one.. of which is local and requires a single short bus-ride 
to the venue, the other requires a lengthy trip involving train and underground (a 
situation common for those who live in many of the suburbs of London and wish to 
attend a production at the Royal Opera House), most individuals are likely to choose the 
production which is local. Given a situation similar to the previous example but with 
the further difference that the local production uses electronic equipment to accompany 
the stage, it is suggested that the average audience member will still choose to attend the 
local production over the other. It is suggested that the cost of a local evening out, in 
terms of price, time and convenience, will make the local production significantly more 
attractive than a non-local production. Hence it is submitted that ancillary benefits of 
touring include the following: 
• the convenience factor may attract an audience when non-local 
productions deter the same audience. 
• a local production may create employment by engaging local 
individuals in many different capacities including the chorus, publicity, 
theatre staff and logistics such as transportation of individuals with 
special needs. 
• the participation of the local community could ultimately involve 
several hundred people, all of whom would through their own 
participation, create a special source of interest in and possibly growth 
for opera. The involvement of local individuals is a strong method of 
building and educating an audience. The Opera Lyra company (Ottawa, 
Canada) is a good example of the success that a company may enjoy 
when firmly based on the participation of the local community_ 
• eventually it may be possible to widen the choice of repertoire once 
committed audiences have been built and through attendance at many 
performances, audiences may become more knowledgeable and 
discriminatory in their tastes. 
• individuals who participate in, or attend local productions, are likely to 
develop an interest in opera, and may become part of a growing 
audience and opera-consumer-base. Thus the audiences built locally may 
one day travel distances to hear larger productions with live orchestras, 
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and through their numbers, make the larger productions more popular 
and more cost-effective. 
Hence, to some extent, the external relevance of the second experiment presented in this 
study may be enhanced by regarding the experiment as early practical steps toward 
determining the acceptability of using an electronic system to accompany western 
opera. 
5.5 Further Research 
5.5.1 Research goals for further experimentation 
Based on the research goals identified for the experiments in this work and on the 
critical analyses of the results from both experiments, a number of research goals can 
be identified as naturally progressing out of this research. In the event that the same 
experimental methodology and procedures are used in two experiments as described 
above, some of the research goals may be as follows: 
• Polyphonic music should be used in both experiments. This would permit a direct 
analysis of polyphonic music independently of monophonic music. A statistical 
comparison could also be made with the results presented above. 
• Other periods of music should be considered. A limiting factor in the experiments 
described in this study is the era from which the musical excerpts were selected. 
Though it is possible that the implementation levels of the performance rules are similar 
for every period of music, it seems unlikely that this would be the case. It would be 
interesting to examine how the levels differ for each period. 
• Other sets and larger sets of performance rules should also be considered. In 
conjunction with the inclusion of the period of music as a factor, it would be interesting 
to observe if there was a consistent difference in the rules chosen for the different 
periods. 
• Research should investigate whether the implementation of performance rules is 
specific to classes of instruments such as stringed instruments and double reed 
instruments. It should also be considered whether the implementation of performance 
rules is specific to single instruments. It may be shown that to emulate the performance 
characteristics of a given acoustic instrument, some performance rules are implemented 
at different levels, or not at all, depending on the acoustic instrument emulated. 
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• Other polyphonic instruments than the orchestra should also be considered. Because 
of the lack of timbral control, it may be interesting to experiment with the organ as the 
instrumental sound for experiments. An instrument like the harpsichord may introduce 
nuisance factors such as the rapid decay of notes after the attack and the lack of ability 
to sustain notes. Hence careful thought has to be given to the nuisance factors that are 
associated with various instrumental sounds. Nevertheless alternatives to a large 
ensemble may at least provide the opportunity to cancel the consideration that the 
selection of instruments is a factor in the implementation levels of performance rules. 
• Several sample populations should be defined, rather than the common restriction to 
two sample populations, i.e. trained and untrained, or expert and non-expert. As 
already discussed, there are degrees of training that may have a significant effect on the 
results of experimentation. If the sample populations could be as large as in the first 
experiment of this study, and include only one more defined population, i.e. highly 
trained and experienced subjects, the statistical analysis would have a much more 
refined grain for the factor of training. Another factor to be considered in the definition 
of the sample populations could be the familiarity and/or involvement with 
electronically generated music. Of course, the number of subjects required to 
accommodate levels of training and familiarity with electronically generated music in 
one balanced and rigorous experiment may make the experiment competitive in 
numbers with the best of sociological studies. However it is always possible to design 
smaller studies that can at least suggest tendencies and trends in sample populations. 
• It would be important to investigate the effects of tempo and modality on the 
implementation levels of performance rules. The results of this study indicate that these 
are both important factors. Though some small indications can be discovered in the 
statistical analysis in this work, dedicated experiments could focus on these factors and 
clearly identify trends. It would be possible for example to give a single musical excerpt 
to the subjects at different tempi. It would also be possible to find excerpts wherein the 
modality could be changed and given to subjects in both forms. In other words 
excerpts in a major key could be changed into a minor key, minor key excerpts could be 
changed into a major key, and all versions given to subjects. 
• A useful investigation would involve assembling into a single data-base all the results 
from all experiments in the area of performance rules. The data-base should include 
detailed information about the subjects. Using various statistical tools on the data-base 
it is likely one could extract significant infonnation that currently remains dormant. 
• Though not a research goal, the following may be considered an international research 
goal: to facilitate the exchange and comparison of data and results between researchers, 
it would be useful if a common standard would be agreed regarding subject categories 
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and musical excerpt categories. Standardisation would assist the ability of researchers 
to build on previous research. Furthermore, it would permit the results of research to be 
directly incorporated into a common data-base which would be accessible to all 
contributing researchers. 
5.5.2 Verbal protocol analysis 
This section introduces the methodology of verbal protocol analysis and the potential 
usefulness of the method in association with the Director Musices software. It is 
proposed that an experiment that employed the Director Musices software and was 
designed according to strict verbal protocol methodologies could break new ground. 
There is currently no other appropriate method to examine what it is to which a listener 
attends when hearing a given music performance. 
Verbal protocol analysis refers to a method for retrieving "hard" data regarding the 
cognitive processes and experiences of a given subject under carefully designed 
experimental conditions. Though the use of verbalisation in some form or another has 
been used since the beginning of science, the verbal protocol methodology has been 
part of mainstream science only since the late 1970's. Originally regarded with much 
skepticism by many, it has been proven a reliable, non-invasive method to extract 
significant data which would be difficult or impossible with other traditional methods 
(Breuker 1981, Hughes and Roberts 1985). 
Two types of verbal reports are described: concurrent and retrospective. Retrospective 
verbal reports are not considered reliable in relation to tasks with a duration longer than 
10 seconds. Due to the nature of most music performance experiments, where common 
durations could not reasonably be less than ten seconds, it is clear that only concurrent 
verbal reports can be considered. 
The verbal reports recommended for future experiments fall into the classification of 
type 1 or type 2 verbalisations. Type 1 and type 2 verbalisations follow a general 
instruction to verbalise thinking. These two types have been shown to have no affect on 
cognitive processes, nor on the results of data (Ericsson 1987). The only result of 
using verbal reports that is significantly different from a control, is the amount of time 
needed to complete a given task. 
The significant opportunity inherent in the use of verbal protocol analysis would be to 
allow one to investigate three aspects of the subjects: 1. processes, 2. knowledge, 3. 
learning. An analysis of verbalisations should allow one to educe significant 
conclusions in all three areas. Thus within the context of music performance, an 
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analysis of verbal reports should: 
• allow one to draw forth knowledge which will aid in building 
computer emulations 
• allow one to examine the mediating cognitive processes and knowledge 
More specifically, within the context of music performance, an analysis of verbal 
reports should: 
• suggest the tasks engaged in, and the methods used by experts and 
novices 
• allow one to determine the decision-making processes and the 
judgments of subjects 
• yield conclusions about learning and various ancillary domains 
5.6 Final review 
In this work issues were addressed that relate to the implementations of the Sundberg 
Performance Rules in performances of electronically generated orchestral excerpts 
drawn from standard opera repertoire. A critical review of the literature provided fifteen 
research goals appropriate for experiments. The experiments presented in this work 
were the first large-sample trials using software designed to implement the Sundberg 
Performance Rules in MIDI-based systems. The results of the first experiment provided 
a data-base for further research. From the results of the first experiment it was possible 
to derive levels of implementation for performance rules. Though the results of the first 
experiment indicated that an implementation of the performance rules is desirable, in the 
second experiment there was nothing to indicate a preference for the excerpts that had 
been processed according to the levels derived from the first experiment. In the second 
experiment, all excerpts, set in two contexts as the accompaniment for a live production 
of opera, were rated high on a scale of acceptability by the majority of subjects. 
Bibliography 170 
Bibliography 
Aiello, R., 1994: 'Can Listening to Music be Experimentally Studied?', in Rita Aiello, ed., 
Musical Perceptions (New York, Oxford: Oxford University Press), 273-282. 
Aiken, H.D., 1950: 'The Aesthetic Relevance of Belief' , Journal of Aesthetics, Vol. IX, 
No.1, pp. 301-315. 
Aikin, 1., 1991: 'Buchla Lightning - Optical MIDI Controller', Keyboard, Vol. 9, No.1, 
pp. 148-151. 
Allik, K., Dunne, S., and Mulder, R., 1986: 'ArcoNet: A Proposal for a Standard 
Network for Communication and Control in Real-Time Performance', Proceedings of the 
International Computer Music Conference, The Hague (San Francisco: International 
Computer Music Association) pp. 413-421. 
Anderson, D., 1992: 'MOOD: A Concurrent C++-Based Music Language', Proceedings of 
the International Computer Music Conference, San Jose (San Francisco: International 
Computer Music Association) pp. 440-441. 
Anderson, T.M., Hunt, A., Kirk, R., McGilly, P., Orton, R., and Watkinson, S., 1992: 
'From Score to Unit Generator: A Hierarchical View of MIDAS', Proceedings of the 
International Computer Music Conference, San Jose (San Francisco: International 
Computer Music Association) pp. 235-238. 
Baggi, D., ed., 1992: Readings in Computer-Generated Music (Los Alamitos, CA: IEEE 
Computer Society Press). 
Baird, B., Blevins, D., and Zahler, N., 1989: 'The Artificially Intelligent Computer 
Performer on the Macintosh II and a Pattern Matching Algorithm for Real-Time Interactive 
Performance', Proceedings of the International Computer Music Conference, Columbus 
(San Francisco: International Computer Music Association) pp. 13-16. 
Barra, D., 1982: The dynamic performance: a performer's guide to musical expression and 
interpretation (Englewood Cliffs, N.J.: Prentice-Hall). 
Barten, S.S., 1992: 'The language of musical instruction', Journal of aesthetic education, 
Vol. XXVI, No.2, pp. 53-6l. 
Bengtsson, I., and Gabrielsson, A., 1983: 'Analysis and synthesis of musical rhythm', in 
J. Sundberg, ed., Studies of Music Performance (Stockholm: Royal Swedish Academy of 
Music),27-60. 
Berry, D.C., 1983: 'Metacognitive experience and transfer of logical reasoning', Quanerly 
Journal of Experimental Psychology, Vol. 35, No. A, pp. 39-49. 
Bibliography 171 
Berry, W., 1989: Musical Structure and performance (New Haven: Yale University 
Press). 
Bertini, G., and Carosi, P., 1991: 'The Light Baton: a System for Conducting Computer 
Music Performance', Proceedings of the International Workshop on Man-Machine 
Interaction in Live Performance, Pisa (Pisa: S.T.A.R.) pp. 9-18. 
Biederman, I., and Shiffrar, M.M., 1987: 'Sexing Day-old Chicks: A Case Study and 
Expert Systems Analysis of a Difficult Perceptual-Learning Task', Journal of Experimental 
Psychology: Learning, Memory and Cognition, Vol. 13, No.4, pp. 640-645. 
Bigand, E., 1993: 'Contributions of music to research on human auditory cognition', in 
Stephen McAdams & Emmanuel Bigand, ed., Thinking in Sound (Oxford, New York: 
Oxford University Press), 231-77. 
Blom, E., ed., 1970: Grove's Dictionary of Music and Musicians (N.Y., London: St 
Martin's Press, Macmillan and Company Limited). 
BOcker, H., and Mahling, A., 1988: 'What's in a Note?', Proceedings of the International 
Computer Music Conference, Cologne (San Francisco: International Computer Music 
Association) pp. 166-174. 
Bresin, R., and Vecchio, C., 1995: 'Neural Networks Play Schumann', Proceedings of 
the KTH Symposium on Grammars for Music Performance, Stockholm (Stockholm: 
Department of Speech Communication and Music Acoustics - KTH) pp. 5-14. 
Bresin, R., De Poli, G., and Vidolin, A., 1992: 'Symbolic and sub-symbolic rules system 
for real time score performance', Proceedings of the International Computer Music 
Conference, San Jose (San Francisco: International Computer Music Association) pp. 211-
214. 
Breuker, J., 1981: Availability of Knowledge (Netherlands: Cowo-publications/ The 
University of Amsterdam). 
Brown, C., 1988: 'Bowing styles: vibrato and portamento in nineteenth-century violin 
playing', Journal of the Royal Musical Association Vol. 113, No.1, pp. 97-128. 
Brown, O.L., 1996: Discover your Voice (San Diego, London: Singular Publishing 
Group, Inc.). 
Buchla, D., 1990: THUNDER - Description and Specifications (Berkeley, CA: Buchla 
and Associates). 
Buchla, D., 1991: LIGHTNING - Description and Specifications (Berkeley, CA: Buchla 
and Associates). 
Byrkit, D.R., 1987: Statistics Today: A comprehensive introduction (Menlo Park, CA. 
Wokingham, U.K.: The Benjamin/Cummings Publishing Company Inc.). 
CA-Cricket Graph III, version 1.5.2, 1992: CA-Cricket Graph III - The Graphing 
Product of Choice (New York: Computer Associates International). 
Bibliography 172 
Carlson, R., and Granstrom, B., 1975: 'A phonetically oriented programming language 
for rule description of speech' in G. Fant, ed., Speech Communication (Stockholm: 
Almqvist & Wiksell) Vol. 2, pp. 245-253. 
Carter, N.P., Bacon, R.A., and Messenger, T., 1988: 'The Acquisition, Representation 
and Reconstruction of Printed Music by Computer: A Review', Computers and the 
Humanities, Vol. 22, No.1, pp. 117-136. 
Caudill, M., and Butler, C., 1991: Naturally Intelligent Systems (Cambridge, Mass: MIT 
Press). 
Chafe, C., and Q'Modhrain, S., 1996: 'Musical Muscle Memory and the Haptic Display of 
Performance Nuance', Proceedings of the International Computer Music Conference, 
Hong Kong (San Francisco: International Computer Music Association) pp. 428-431. 
Clarke, E.F., 1989: 'What is conveyed by the expressive aspect of musical performance?', 
Musikpsychologie: lahrbuch der Deutschen Gesellschaftfur Musikpsychologie, Vol. VI, 
No. n.a., pp. 7-21. 
Clarke, E.F., and Baker-Short, C., 1987: 'The imitation of perceived rubato: A preliminary 
study', Psychology of music, Vol. XV, No.1, pp. 58-75. 
Clarke, G.M., and Cooke, D., 1988: A basic course in statistics (London: Edward Arnold: 
A division of Hodder & Stoughton). 
Clynes, M., 1984: 'Secrets of Life in Music', Proceedings of the International Computer 
Music Conference, Paris (San Francisco: International Computer Music Association) pp. 
225-232. 
Cohen, L., and Holliday, M., 1982: Statistics for social scientists (London: Harper & 
Row) 
Comerford, P.J., 1990: 'Theory and Practice in Instrument Simulation', Proceedings of 
the International Computer Music Conference, Glasgow (San Francisco: International 
Computer Music Association) pp. 60-62. 
Cone, E.T., 1968: Musical Form and Musical Performance (N.Y., London: W. W. 
Norton & Company, Inc.). 
Coniglio, M., 1992: 'Introduction to the Interactor Language', Proceedings of the 
International Computer Music Conference, San Jose (San Francisco: International 
Computer Music Association) pp. 170-173. 
Cook, N., 1994: 'Perception: A Perspective from Music Theory', in Rita Aiello with John 
A. Soboda, ed., Musical Perceptions (New York, Oxford: Oxford University Press), 64-
95. 
Cooke, J.F., 1976: Great pianists on piano playing: study talks with foremost virtuosis 
(New York: AMS Press). 
Bibliography 173 
Dannenberg, R.B., 1984: 'An On-Line Algorithm for Real-Time Accompaniment', 
Proceedings of the International Computer Music Conference, Paris (San Francisco: 
International Computer Music Association) pp. 193-198. 
Dannenberg, R.B., 1993: The CMU MIDI Toolkit (Pittsburgh, PA: Carnegie Mellon 
University). 
Delorko, R., 1991: Die Ey (DUsseldorf: Zeitklang-Verlag). 
Desain, P., and DeVos, S., 1990: 'Autocorrelation and the study of musical expression', 
Proceedings of the International Computer Music Conference, Glasgow (San Francisco: 
Computer Music Association) pp. 357-360. 
Ditto, W.L., and Pecora, L.M., 1993: 'Mastering Chaos', Scientific American, Vol. 
August, No.1, pp. 62-68. 
Drager, G., ed., 1992: Deutsches Buhnen lahrbuch (Hamburg: Genossenschaft Deutscher 
BUhnen-Angehorigen im Verlag der BUhnenschriften-Vertriebs-Gesellschaft mbH.). 
Dyer, L.M., 1989: 'Position Paper for Music Representation Panel', Proceedings of the 
International Computer Music Conference, Columbus (San Francisco: International 
Computer Music Association) pp. 98-100. 
Eastwell, B., 1994: Personal communication and interview, Guildford. 
Ericsson, K.A., 1987: 'Theoretical implications from protocol analysis on testing and 
measurement', in R.R. Ronning, J.A. Glover, J.C. Conoley, and J.C. Witt, eds., The 
influence of cognitive p.\)'chology in testing (Hillsdale, New Jersey: Erlbaum), 191-226. 
Ericsson, K.A., and Krampe, R., 1991: 'The Role of Deliberate Practice in the Acquisition 
of Expert Performance', lCS Tech Report 91-06, Boulder (Colorado: Institute of Cognitive 
Science) pp. 3-37. 
Ericsson, K.A., and Simon, H.A., 1993: Protocol Analysis - Verbal Reports as Data 
(Cambridge, Massachusetts: MIT Press). 
Everding, A., 1995: Personal communication and interview, DUsseldorf. 
Farrand, P., and Borowicz, J., 1990: Finale (Bloomington, MN: Coda Music Software). 
Felber, Helmut, 1984: Terminology Manual PGI-84IWSI21 (Paris: Unesco - General 
Information Programme and UNISIST; International Information Centre for Terminology 
(Infoterm». 
Finn, 1., and Finn, B., 1995: The Art of Processing Music with Sibelius 7 (Cambridge: 
Sibelius Software). 
Fober, D., Letz, S., and Orlarey, Y., 1996: 'Recent Developments of MidiShare', 
Proceedings of the International Computer Music Conference Hong Kong (San Francisco: 
International Computer Music Association) pp. 40-42. ' 
Bibliography 174 
Friberg, A., 1991: 'Generative Rules for Music Perfonnance: A Fonnal Description of a 
Rule System', Computer Music Journal, Vol. 15. No.2. pp. 56-71. 
Friberg, A., 1995: A Quantitative Rule System for Musical Performance (Stockholm: 
Department of Speech Communication and Music Acoustics - Royal Institute of 
Technology). 
Friberg. A .• and Sundberg, 1.. 1994: 'Just noticeable difference in duration. pitch and 
sound level in a musical context'. Proceedings of the 3rd International Conference for 
Music Perception and Cognition, Liege pp. 339-340. 
Friberg. A .• Sundberg, 1.. and Fryden. L .• 1987: 'How to Tenninate a Phrase. An 
Analysis-by-Synthesis Experiment on a Perceptual Aspect of Music Perfonnance', in A. 
Gabrielsson. ed., Action and Perception in Rhythm and Music No. 55 (Stockholm: Royal 
Swedish Academy of Music), 49-55. 
Friberg, A., Sundberg, J .• Fryden. L .• 1989: 'Preferred quantities of expressive variation 
in music perfonnance', Speech Transmission Laboratory, Vol. 4, No. n.a., pp. 53-62. 
Fujii, T., 1993: 'The Key to Creating a Center for Cultural Activity', International Theatre 
Conference Proceedings, Nagoyo (Nagoyo: Takeda Printing Co. Ltd.) pp. 8-12. 
Gabrielsson, A., 1985: 'Interplay between analysis and synthesis in studies of music 
perfonnance and music experience', Music Perception, Vol. 3, No. n.a., pp. 59-86. 
Gabrielsson, A., 1987: 'Once again: the theme from Mozart's piano sonata in A major (K. 
331). A comparison of five performances', in A. Gabrielsson, ed., Action and Perception 
in Rhythm and Music (Stockholm: Royal Swedish Academy of Music) No. 55, pp. 81-
103. 
Gabrielsson, A., 1995: 'Expressive Intention and Perfonnance', in R. Steinberg, ed., 
Music and the Mind Machine (Berlin: Springer Verlag) pp. 35-47. 
Gabrielsson, I., 1974: 'New demands for future programmes for the education of 
musicians and their public', International Society jor Music Education Yearbook, Vol. II, 
No. n.a., pp. 88-93. 
Geitel, K., 1996: Personal communication and interview, Berlin. 
Glaister, D., 1996a: 'A Classic Dilemma', The Guardian Weekly, Vol. 6, No. n.a., pp. 
27. 
Glaister, D., 1996b: 'Companies stuck in a groove', The Guardian Weekly, Vol. 6, No. 
n.a., pp. 27. 
Hammann, P., and Tebbe, C., 1995: Publikumsbefragung der theater und philharmonie 
essen anliij3lich des 4. Sinfoniekonzertes. Eine Studie der Ruhr-Universitiit Bochum 
F akultiit jur Wirtschajtswissenschaft (Bochum: Bochum-Ruhr University publication). 
Hantz, E., 1984: 'Studies in musical cognition: Comments from a music theorist' , Music 
Perception, Vol. 2, No. n.a., pp. 245-64. 
Bibliography 175 
Hamad, S., 1987: 'Preface', in Steven Hamad, ed., Categorical Perception (N.Y .• 
Cambridge: Cambridge University Press), ix. 
Hellfritzsch, W .• 1993: 'A proven music-theatre union in the heart of the densest theatrical 
landscape in Germany', International Theatre Conference Proceedings, Nagoya (Nagoya: 
Takeda Printing Co. Ltd.) pp. 87-106. 
Hellfritzsch, W., 1996: Personal communication and interview. DUsseldorf. 
Henderson, A.T., 1937: 'Rhythmic organization in artistic piano performance'. Objective 
analysis of musical performance. Univ. of Iowa Studies in the Psychology of Music, Vol. 
IV, No.1. pp. 281-305. 
Herdlein. H., 1994: 'Kulturpleite'. Bunengenossenschaft, No.3, pp. 4-6. 
Hoe1, P.G., 1976: Elementary Statistics 4th edition (New York, London: John Wiley & 
Sons) 
Hoel, P.G., 1984: Introduction to mathematical statistics 5th edition (New York, 
Chichester: John Wiley & Sons). 
Holdaway, S., and Hearn, R.A., 1993: Claris Works 2.0Bvl (Santa Clara, CA: Clarls 
Corporation ). 
Honing, H., 1990: 'Poco: An Environment for Analysing, Modifying, and Generating 
Expression in Music', Proceedings of the International Computer Music Conference, 
Glasgow (San Francisco: International Computer Music Association) pp. 364-368. 
Honing, H., 1992: 'Expresso, A Strong and Small Editor for Expression', Proceedings of 
the International Computer Music Conference, San Jose (San Francisco: International 
Computer Music Association) pp. 215-218. 
Hughes, D.E., and Roberts, L.E., 1985: 'Evidence of a role for response plans and self-
monitoring in biofeedback', Psychophysiology, Vol. 22, No. n.a., pp. 427-439. 
Hull. S .• 1990: 'Towards a New Paradigm for the Representation of Musical Information', 
Proceedings of the International Computer Music Conference. Glasgow (San Francisco: 
International Computer Music Association) pp. 351-353. 
Hunt, M., M.: The Story of Psychology (N.Y., London: Doubleday). 
ISO 10241, 1992(E): International terminology standards - Preparation and layout 
(Geneva: International Organization for Standardization). 
Iversen, G.R., 1987: 'Analysis of Variance', in Richard G. Niemi, ed., Sage University 
Paper series on Quantitative Applications in the Social Sciences 07·001 (Beverly Hills: 
Sage Publications, Inc.). ' 
~orge~sen, E.R:, 19~ 1: 'Sc,hool musi~ performance programs and the ~evelopment of 
functional musIcal lIteracy: a theoretIcal model. College music symposium, Vol. XXI, 
No.1, pp. 82·93. 
Bibliography 176 
Katayose, H., and Inokuchi, S., 1990: 'The Kansei Music System '90', Proceedings of 
the International Computer Music Conference, Glasgow (San Francisco: International 
Computer Music Association) pp. 308-310. 
Katayose, H., Takami, K., Fukuoka, T., and Inokuchi, S., 1989: 'Music Interpreter in the 
Kansei Music System with a Gestural Controller', Proceedings of the International 
Computer Music Conference, Columbus (San Francisco: International Computer Music 
Association) pp. 147-150. 
Keane, D., and Gross, P., 1989: 'The MIDI Baton', Proceedings of the International 
Computer Music Conference, Columbus (San Francisco: International Computer Music 
Association) pp. 151-154. 
Kieran, M., 1996: 'Incoherence and Musical Appreciation', Journal of Aesthetic 
Education, Vol. 30, No.1, pp. 39-49. 
Kling, l.W., and Riggs, L.A. editors, 1972: Woodworth & Schlosberg's Experimental 
Psychology, 3rd edition (London: Methuen & Co., Ltd.). 
Kloiber, R, 1985: Handhuch der Oper (Kassel: Barenreiter). 
Konold, W., 1973: 'Die Gezeichneten', in Rudolf Kloiber, ed., Handbuch der Oper 
(Kassel: Barenreiter), 754-757. 
Krausz, M., 1993: 'Rightness and Reasons in Musical Interpretation', in Michael Krausz, 
ed., The Interpretation of Music (Midsomer Norton, Avon: Bookcraft (Bath) Ltd), 75-87. 
Kronman, U., and Sundberg, l., 1987: 'Is the Musical Ritard an Allusion to Physical 
Motion?', in A. Gabrielsson, ed., Action and Perception in Rhythm and Music No. 55 
(Stockholm: Royal Swedish Academy of Music), 57-68. 
Landy, L., 1990: 'Is More Than Three Decades of Computer Music Reaching the Public it 
Deserves?', Proceedings of the International Computer Music Conference, Glasgow (San 
Francisco: International Computer Music Association) pp. 369-372. 
Lang, P.H., 1969: Music in Western Civilization (New York: W. W. Norton & 
Company, Inc.). 
Langner, J., and Kopiez, R, 1995: 'Oscillations Triggered by Schumann's Traumerei: 
Towards a New Method of Performance Analysis based on a "Theory of Oscillating 
Systems" (TOS) " Proceedings of the KTH Symposium on Grammars for Music 
Performance, Stockholm (Stockholm: Department of Speech Communication and Music 
Acoustics - KTH) pp. 45-58. 
Larsson, B., 1977: 'Music and Singing Synthesis Equipment (MUSSE)', Quarterly 
Progress Report (Stockholm: Speech Transmission Laboratory) No.1 pp. 38-40. 
Lebrecht, N., 1996: When the Music Stops (Edinburgh: Simon & Schuster Ltd). 
Bibliography 177 
Lee, M., Garnett, G., and Wessel, D., 1992: 'An Adaptive Conductor Follower', 
Proceedings of the International Computer Music Conference, San Jose (San Francisco: 
International Computer Music Association) pp. 454-455. 
Lentczner, M., 1988: PatchBay (Cupertino, CA: Apple Computer, Inc.). 
Lerdahl, F., and Jackendoff, R., 1983: A Generative Theory of Tonal Music (Cambridge, 
Mass: MIT Press). 
Letowski, T., 1989: 'Sound Quality Assessment: Concepts and Criteria', Audio 
Engineering Society Preprint 2825 (D-8) 87th Convention, San Francisco (New York: 
Audio Engineering Society) pp. 1-11. 
Letowski, T., 1994: 'Guidelines for Conducting Listening Tests on Sound Quality', 
Extract from Noise-Con 94 Proceedings, Ft. Lauderdale, Florida (Pennsylvania: 
Pennsylvania State University) pp. n.a .. 
Levinson, J., 1993: 'Performative vs. Critical Interpretation in Music', in Michael Krausz, 
ed., The Interpretation of Music (Mid somer Norton, Avon: Bookcraft (Bath) Ltd), 33-60. 
Lhevinne, J., 1924: Basic Principles in Pianoforte Playing (Philadelphia: Theodore 
Presser Company). 
Lloyd, W., and Terry, P., 1991: Music in Sequence - A complete guide to MIDI 
sequencing (London: Musonix Publishing). 
Logemann, G.W., 1989: 'Experiments with a Gestural Controller', Proceedings of the 
International Computer Music Conference, Columbus (San Francisco: International 
Computer Music Association) pp. 184-185. 
Marsden, A., and Pople, A., 1989: 'Modelling musical cognition as a community of 
experts', Contemporary Music Review, Vol. 3, No. n.a., pp. 29·42. 
Marsh, J.D., 1988: Apple MIDI Driver (Cupertino, CA: Apple Computer, Inc.). 
Martin, R.L., 1993: 'Musical Works in the Worlds of Performers and Listeners', in 
Michael Krausz, ed., The Interpretation of Music (Midsomer Norton, Avon: Bookcraft 
(Bath) Ltd), 119-127. 
Mathews, M., 1989: 'The Conductor Program and Mechanical Baton', Proceedings of the 
International Symposium on Music and Information Science, Kunitachi (Kunitachi: 
Kunitachi College of Music) pp. 58-70. 
Mathews, M.V., and Pierce, J.R., eds., 1989: Current Directions in Computer Music 
Research (Cambridge, Massachusetts: MIT Press). 
Maxwell, A.E., 1978: Basic Statistics for medical and social science students (Bristol: 
Chapman and Hall). 
Bibliography 178 
Mazzola, G., 1994: 'Geometry and Logic of Musical Performance - Seven Theses for a 
Future Performance Science', Proceedings of the Aarhus Symposium on Generative 
Grammars for Music Performance, Aarhus (Stockholm: Department of Speech 
Communication and Music Acoustics-KTH) pp. 17-24. 
Mazzola, G., Zahorka, 0., and Stange, J., 1995: 'Analysis and Performance of a Dream', 
Proceedings of the KTH Symposium on Grammars for Music Performance, Stockholm 
(Stockholm: Department of Speech Communication and Music Acoustics - KTH) pp. 59-
69. 
Meyer, M. E. ed., 1979: Foundations of Contemporary Psychology (New York: Oxford 
University Press). 
McKinnon, A., 1996: Personal communication and interview, Sydney. 
McMillen. K., Simon. D., and Wright, M., 1994: 'A Summary of the ZIPI Network', 
COMPUTER MUSIC JOURNAL, Vol.18, No.4, pp. 74-80. 
Moore, F.R., 1988: 'The Dysfunctions of MIDI', Computer Music Journal, Vol. 12, No. 
1, pp. 19-28. 
Morita, H .• Hashimoto. S., and Ohteru, S., 1991: 'A Computer Music System that 
Follows a Human Conductor', Computer, Vol. July, No.1, pp. 45-53. 
Morita, H., Watanabe, H., Harada, T., Ohteru, S., and Hashimoto, S., 1990: 
'Knowledge Information Processing in Conducting Computer Music Performer', 
Proceedings of the International Computer Music Conference, Glasgow (San Francisco: 
International Computer Music Association) pp. 332-334. 
Mozart, L., 1756: Versuch einer grundlichen Violinschule trans. E. Knocker 1948, A 
Treatise on the Fundamental Principles of Violin Playing (London: Oxford University 
Press). 
Mozart, W.A., 1979: Le Nozze Di Figaro (New York: Dover Publications). 
Munro. L.A., Master's Thesis, 1996: Research into the Expressive Control of Note Attack 
and Decay in Music (Guildford: University of Surrey). 
Narmour, E., 1977: Beyond Schenkerism: The Need for Alternatives in Music Analysis 
(Chicago: 'Chicago University Press). 
Newman, W.S., 1988: Beethoven on Beethoven (New York, London: W.W. Norton & 
Company, Inc.). 
O'Shea, T., and Eisenstadt, M., 1984: Artificial Intelligence - Tools, Techniques, and 
Applications (Cambridge, London: Harper & Row). 
Oosten, P.W.J. van, 1990: A critical review of the Sundberg rule system (Utrecht: School 
of Arts). 
Opcode, 1988: MAX (California: Opcode Systems Inc.). 
Opcode, 1993: OMS (California: Opcode Systems Inc.). 
Opcode,1993:Vision (California: Opcode Systems Inc.). 
Opcode, 1996: Vivace (California: Opcode Systems Inc.). 
Bibliography 179 
Opolko, F., and Wapnick, J., 1993: Classical SOunds - McGill University Master 
Samples CD-ROM for AKA! samplers VOLUME 1 (Montreal: McGill University). 
Oppenheim, D., and Wright, J., 1996: 'Towards a framework for handling musical 
expression', Proceedings of the International Computer Music Conference, Hong Kong 
(San Francisco: International Computer Music Association) pp. 71-74. 
Oppenheim, D.V., 1992: 'Compositional tools for adding expression to music in DMIX', 
Proceedings of the international Computer Music Conference, San Jose (San Francisco: 
International Computer Music Association) pp. 223-226. 
Oxford English Dictionary, The Compact Edition, 1981 (New York: Oxford University 
Press). 
Pachl, P., 1994: Personal communication and interview, Rudolstadt. 
Paynter, J., Howell, T., Orton, R., and Seymour, P., eds., 1992: Companion to 
Contemporary Musical Thought (London, N.Y.: Routledge). 
Pearcey, L., 1979: The Musician's Survival Kit (London: Barrie & Jenkins Ltd). 
Pelz-Sherman, M., 1992: 'Some formalisms for generating expression in melodies 
performed by computers', Proceedings of the International Computer Music Conference, 
San Jose (San Francisco: International Computer Music Association) pp. 408-409. 
Powell, D., and Bates, S., 1994: 'Introduction to Yamaha VL1', Yamaha R&D, London 
(London: Yamaha R&D London) pp. 1-4. 
Puckette, M., and Lippe, C., 1992: 'Score following in practice', Proceedings of the 
International Computer Music Conference, San Jose (San Francisco: International 
Computer Music Association) pp. 182-185. 
Rey, Alain, 1995: Essays on Terminology (Amsterdam/Philadelphia: John Benjamins 
Publishing Company). 
Richardson, C.P., 1996a: 'Understanding the critical process, a model of the music critics 
thought', Journal of Aesthetic Education, Vol. 30, No.1, pp. 51-61. 
Richardson, C.P., 1996b: 'A Theoretical Model of the Connoisseurs Musical Thought', 
Bulletin of the Councilfor Research in Music Education Vol. 0010-9894, No. 128. pp. 
15-24. ' 
Roads, C., 19~9: 'A~tive Music Representations', Proceedings of the Internationql 
Computer Muslc Conference, Columbus (San Francisco: International Computer MUSIC 
Association) pp. 257-259. 
Bibliography 180 
Roads, C., 1996: the computer music tutorial (Cambridge, Mass.: MIT Press). 
Roads, C., ed., 1989: The Music Machine (Cambridge, Massachusetts: MIT Press). 
Rosenthal, D., 1992: 'Emulation of Human Rhythm Perception', Computer Music Journal, 
Vol. 16, No.1, pp. 64-76. 
Ruffcorn, D., and Cull em, P., 1992: 'Editing Step Quantized Music from Libraries of Live 
Perfonnances', Proceedings of the International Computer Music Conference, San Jose 
(San Francisco: International Computer Music Association) pp. 231-234. 
Rumsey, F., 1994: MIDI Systems & Control (Great Britain: Focal Press). 
Rumsey, F., and McCormick, T., 1994: Sound & Recording (Oxford: Focal Press). 
Ryan, 1., 1992: 'Effort and Expression', Proceedings of the International Computer Music 
Conference, San Jose (San Francisco: International Computer Music Association) pp. 414-
416. 
Salaman, E., 1989: Unlocking your voice: Freedom to Sing (London: Gollancz Ltd). 
Schaefer, R.L., and Farber, E., 1992: The Student Edition of MINITAB 8 - Statistical 
software ... adapted for education (Reading, Mass: Addison-Wesley and 
Benjamin/Cummings). 
Schmitz, H.P., 1973: 'Auffuhrungspraxis - Bemerkungen zum Verhaltnis Interpretation-
Komposition in Vergangenheit und Gegenwart', Neue Zeitschrift far Musik, Vol. 
CXXXIV, No.4, pp. 211-214. 
Schwarz, Joseph, 1916: 'Ach, Gott flir mich nur erflehe ich', Gramophone, Vol. n.a., No. 
044298, pp. n.a .. 
Shaffer, L.H., 1989: 'Cognition and affect in music performance', Contemporary Music 
Review, Vol. 4, No. n.a., pp. 381-389. 
Shaffer, L.H., and Todd, N.P., 1987: 'The Interpretive Component in Musical 
Perfonnance', in A. Gabrielsson, ed., Action and Perception in Rhythm and Music No. 55 
(Stockholm: Royal Swedish Academy of Music), 139-152. 
Sloan, D., 1992: 'HyTime/Standard Music Description Language', Computing in 
Musicology, Vol. 8, No.1, pp. 127-129. 
Sloboda, ~.~., ~ 994:. 'Mus.ic Performance: Expression and the Development of 
Excellence, In RIta AIello WIth John A. Sloboda, ed., Musical Perceptions (New York, 
Oxford: Oxford University Press), 152-169 
Starkier, M., 1.986: 'Real-Time Gestural Control". Proceedings of the Internationql 
Computer MusIc Conference, The Hague (San FranCISCO: International Computer MUSIC 
Association) pp. 423-426. 
Bibliography 181 
Steinke, G., Ahnert, W., Fels, P., Hoeg, W., and Steffen, F., 1987: 'True directional 
sound system orientated to the original sound and diffuse sound structures - new 
applications of the Delta Stereophony System (DSS)', Audio Engineering Society Pre print 
2427 (B-2) 82nd Convention, London (New York: Audio Engineering Society) pp. 1-33. 
Stevens, S.S. ed., 1965: Handbook of Experimental Psychology (New York, London, 
Sydney: John Wiley & Sons, inc.). 
Strauss, R., 1916: Ariadne aUfNaxos (London: Boosey & Hawkes, Ltd.). 
Sundberg, 1., 1987: The Science of the Singing Voice (DeKalb, Illinois: Northern Illinois 
University Press). 
Sundberg, 1., 1991: The Science of Musical Sounds (London, San Diego: Academic 
Press, Inc.). 
Sundberg, J., and Lindquist, J., 1973: 'Musical octaves and pitch', Acoustical Society of 
America, Vol. 54, No.4, pp. 922-929. 
Sundberg, 1., Askenfelt, A., and Fryden, L., 1983b: 'Musical performance: A synthesis-
by-rule approach', Computer Music Journal, Vol. 7, No. n.a., pp. 37-43. 
Sundberg, 1., ed., 1992: Gluing Tones (Stockholm: Royal Swedish Academy of Music). 
Sundberg, J., Friberg, A., and Fryden, L., 1989: 'Rules for automated performance of 
ensemble music', Contemporary Music Review, Vol. 3, No. n.a., pp. 89-109. 
Sundberg, J., Friberg, A., and Fryden, L., 1991: 'Common Secrets of Musicians and 
Listeners - An analysis-by-synthesis Study of Musical Performance', in P. Howell, R. 
West, and 1. Cross, ed., Representing Musical Structure (London: Academic Press), 161-
200. 
Sundberg, J., Friberg, A., Fryden, L., 1991: 'Threshold and preference quantities of rules 
for music performance', Music perception, Vol. IX, No.1, pp. 71-91. 
Sundberg, J., Fryden, L., and Askenfelt, A., 1983a: 'What tells you the player is musical? 
An analysis-by-synthesis study of music performance', in J. Sundberg, ed., Studies of 
Music Performance (Stockholm: Kungliga Musikaliska Akademien), 61-75. 
Sykes, H., 1996: Personal communication and interview, London. 
Tarabella, L., and Carosi, P., 1991: 'Pascal Music: an Environment for Composition and 
I~teraction', Procee~ings C!f the International Workshop on Man-Machine Interaction in 
L,ve Performance, Plsa (Plsa: S.T.A.R.) pp. 51-58. 
Thompson, W.F., 1989: 'The use of rules for expression in the performance of melodies', 
Psychology of music, Vol. XVII, No.1, pp. 63-82. 
Thorngate, W., and Hotta, M., 1995: 'Life and luck: survival of the fattest', Simulation 
and gaming, Vol. 26, No.1, pp. 5-16. 
Bibliography 182 
Thomgate, W., Carroll, B., 1987: 'Why the best person rarely wins - some embarrassing 
facts about contests', Simulation and gaming, Vol. 18, No.3, pp. 299-320. 
Thurmond, J.M., 1982: Note Grouping: a methodfor achieving expression and style in 
musical performance (Camp Hill, Pa: JMT Publications). 
Todd, N., 1989a: 'Towards a cognitive theory of expression: The performance and 
perception ofrubato', Contemporary Music Review, Vol. 4, No.1, pp. 405·416. 
Todd, N., 1989b: 'A computational model ofrubato', Contemporary Music Review, Vol. 
3, No. I, pp. 69-88. 
Todd, N., 1990: 'Computational Modelling of Musical Expression', Proceedings of the 
International Computer Music Conference, Glasgow (San Francisco: Internauonal 
Computer Music Association) pp. 373·375. 
Toole, F.E., 1982: 'Listening tests - turning opinion into fact', Journal of the Audio 
Engineering Society, Vol. 30, No.6, pp. 431-445. 
UNESCO, United Nations Education, Scientific and Cultural Organization, 1991: '26 
C/Resolution 11.31 on the General Information Programme', Records of the General 
Conference - Twenty-sixth Session, Vol. 1, No.1, pp. 96. 
Vercoe, B., 1984: 'The Synthetic Performer in the Context of Live Performance', 
Proceedings of the International Computer Music Conference, Paris (San Francisco: 
International Computer Music Association) pp. 199·200. 
Vercoe, B., 1990: 'Real-Time CSOUND: Software Synthesis with Sensing and Control', 
Proceedings of the lnternatipnal Computer Music Conference, Glasgow (San Francisco: 
International Computer Music Association) pp. 209-211. 
Vercoe, B., and Cumming, D., 1988: 'Connection Machine Tracking of Polyphonic 
Audio', Proceedings of the International Computer Music Conference, Cologne (San 
Francisco: International Computer Music Association) pp. 211·218. 
Verdi, G., 1851: Rigoletto (Milan: Ricordi). 
Verdi, G., 1887: Otella (Milan: Ricordi). 
Von Hornbostel, E.M., and Sachs, E., 1914: 'Systematik der Musikinstrumente - Ein 
Versuch', Zeitschriftfar Ethnologie, Vol. 4 and 5. 
Widmer, G., 1990: 'The Usefulness of Qualitative Theories of Musical Perception', 
Proceedings of the International Computer Music Conference Glasgow (San Francisco: 
International Computer Music Association) pp. 341-343. ' 
Widmer, G., 1992: 'Qualitative Perception Modelling and Intelligent Musical Learning', 
Computer Music Journal, Vol. 16, No.2, pp. 51-68. 
Bibliography 183 
Widmer, G., 1995: 'A Machine Learning Analysis of Expressive Timing in Pianists' 
Performances of Schumann's "Traumerei"', Proceedings of the KTH Symposium on 
Grammars for Music Performance, Stockholm (Stockholm: Department of Speech 
Communication and Music Acoustics - KTII) pp. 69-81. 
Williams, M., 1992: 'The Basic Principles of I.S.S.R. (Individual Sound Source 
Reinforcement)" Audio Engineering Society Preprint 3413 (K-7) 93rd Convention, San 
Francisco (New York: Audio Engineering Society) pp. 1-11. 
Wilson, N., and McLean, S., 1994: Questionnaire Design (Leicestershire: CVCP/USDU). 
Winkler, T., 1992: 'FollowPlay: A MAX Program for Interactive Composition', 
Proceedings of the International Computer Music Conference, San Jose (San Francisco: 
International Computer Music Association) pp. 433-434. 
Worthington, J., 1988: MIDI Manager (Cupertino, CA: Apple Computer, Inc.). 
Yamaha Co., 1995: 'Virtual Acoustic Synthesizer VL1', Description and Specifications, 
Vol. LCK9307, No. 931230, pp. 1-3. 
Yavelow, C., 1992: 'Interview with Morton Subotnick, Composer', in C. Yavelow, ed., 
Macworld, Music & Soundbible (San Mateo: IDG Books Worldwide, Inc.), 1018-1021. 
Yavelow, C., 1992: Macworld, Music & Soundbible (San Mateo: IDG Books Worldwide, 
Inc.). 
Anaphoric 
ANOVA 
Axiology 
Bartlett's test 
Categorical Perception 
Cognition 
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Glossary 
The repetition of a phrase or a word several times in 
close succession, usually for emphatic or poetic 
reasons. 
Analysis of Variance (ANOVA) is a statistical 
procedure with which levels of variation between and 
within sets of data (samples) may be examined. Two 
assumptions are made with regard to an ANOV A. 
They are: (1) that samples are based on variables that 
are normally distributed; (2) that the variables have 
the same variance within each population. The first 
assumption is made because the ANDV A becomes 
inapplicable to variables that are not normally 
distributed. The second assumption is made as the 
null hypothesis. 
The study of ethics, values and aesthetics. 
Bartlett's test uses the error mean squares to compare 
the error variance between samples. If the samples 
have the same error variance then Bartlett's test will 
generate results that will be distributed approximately 
as a normal distribution 
That which occurs " .•. when the continuous, 
variable, and confusable stimulation that reaches the 
sense organs is sorted out by the mind into descrete, 
distinct categories whose members somehow come 
to resemble one another more than they resemble 
members of other categories." (Hamad 1987:ix). 
The active process of knowledge acquisition through 
conscious perception. 
Confidence interval (CI) 
Ecological environment 
Epistemology 
F test 
Haptic 
Musical expression 
Normal distribution 
mean 
~---------
Figure GL 1 - The normal 
distribution 
___ • ___ 1 
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In statistics the CI refers to the reliability of a test in 
terms of the quantity of error associated with the 
results of the test. The smaller the quantity of error, 
the smaller the CI and the greater the reliability of the 
results. 
In psychology, 'ecological environment' is used to 
describe a natural, native environment. To study 
monkeys in their ecological environment is to study 
them in the jungle. 
The study of the nature of knowledge. 
Originally developed in England to assist in 
agriculture, the F test contributes to understanding 
the relative individual impact of given factors on a 
single variable or a given set of variables. Combined 
with the ANOV A, and considered within a stated 
level of probability, the F test may permit one to 
identify significant factors in a given data set. 
Term to refer to devices which engage both 
kinaesthetic and tactile senses (Chafe & O'Modhrain 
1996). 
Subtle inflections in sound in terms of loudness, 
timing of events, timbral control and other factors, 
usually associated with the performance of a musical 
work, for the purpose of causing an enjoyable 
experience for listeners. 
Normal distribution is perhaps the most common 
distribution of variables or data sets associated with 
statistical work. Sometimes referred to as a Gaussian 
curve or bell curve, it describes the most common 
distribution of data points in an average sample. For 
example, if one were to assemble a data set of the 
volumes of milk contained in unopened bottles, most 
would approach the mean, and some would not be 
near the mean at all falling well below or above the 
mean. Graphed, the data set would produce a curve 
Null hypothesis 
Perception 
Population 
Protocol 
Quality 
Residuals 
Semantics 
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that resembles a bell (Figure GLl) with the top of the 
bell representing the mean and the lip of the bell 
representing the fewere points falling below and 
above the mean. The null hypothesis is commonly 
assumed to be related to a nonnal distribution and 
many statistical procedures are methods to test the 
relationship between a given data set and an assumed 
normal distribution. 
In statistics, the 'null hypothesis' is the hypothesis 
that is assumed to be true unless significant results 
are determined that suggest the assumed hypothesis 
to be false. 
An action by which the mind associates a particular 
sensation with an identified stimulus. 
In statistics 'population' refers to any well defined 
group or class. 
In psychology, a hard record of a verbalization 
generated in a controlled context. 
In this work, 'quality' in the context of musical 
excerpts is used to refer to the aspect of a musical 
item by which it can be identified in general as major 
or minor. In tenns of specific hannonies, the tenn 
'quality' refers to the type of implied harmony as in 
'diminished-seventh' or 'augmented-sixth'. 
In the context of perfonnance, quality refers to the 
level or degree of excellence manifested by the 
perfonnance. 
In statistics, 'residuals' refers to those quantities or 
elements that remain after all others have been 
accounted for. 
Refers to the meaning or significance associated with 
an item. 
Syntax 
t test 
Thinking-aloud protocol 
Tonality 
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An organized and orderly arrangement of parts. In 
language syntax refers to the rules of grammar 
governing the relationships that exist between words. 
In small samples, where the numbers may not be 
normally distributed, the t test is useful for testing the 
means of two samples of observations i.e. the null 
hypothesis assumes that the two samples of 
observations are drawn from populations in which 
the means are equal. 
A type of protocol designed specifically to reveal 
cognitive processes. 
In this work, the term 'tonality' is considered to refer 
to the key centre of a musical item. For example a 
musical phrase may be identified as in the 'key' of 'E 
major' or 'E minor' . 
Verbal Protocol Analysis The process of collecting hard data by means of 
analyzing concurrent or retrospective thinking-aloud 
protocols. 
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Statistical 
the 
APPENDIX I 
Analysis: GLM and Anova Tests 
First and Second Experiments 
The first experiment 
GLM - Both groups of subjects combined 
Factor Levels Values 
Trial 3 , 2 3 • 
-I ... 2 , 2 
s/f 2 : 2 
TIC 2 2 
Analysis of Variance for BL 
SOl.:rce "'t:' ". 5eq 55 Adj 55 Adj M5 F P 
Trial 2 1.470 1.470 0.735 0.42 0.660 
-I; 38.342 39.973 39.973 22.60 0.000 
sIt 38.940 38.640 38.640 21.85 0.000 
TIC 6.775 4.467 4.467 2.53 0.113 
Trial"'-/'" 2 3.766 3.766 1.883 1.06 0.346 
Trial" s/f 2 1.273 1.273 0.636 0.36 0.698 
Trial*T/lJ 2 1. 950 1.950 0.975 0.55 0.577 
-/+*s/f 27.654 26.600 26.600 15.04 0.000 
-/"'*T/U . 8.755 6.695 6.695 3.79 0.052 
s/f*T/U , 3.539 3.254 3.254 1.84 0.176 ... 
Trial*-I-"'s/f 2 2.957 2.957 1.478 0.84 0.434 
Trial ... -/ ...... 7/U 2 2.581 2.581 1.291 0.73 0.483 
Trial "s/f*7./U 2 0.059 0.059 0.029 0.02 0.984 
-/+*s/f*T/'J 0.159 0.319 0.319 0.18 0.671 
Trial"-/"'''s/f''T/U 2 1.100 1.100 0.550 0.31 0.733 
Error 4::8 721.613 721.613 1.769 
Tot:al 0: 860.934 
from 
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Unusual Obse:::-va':.ions 70:::- H!.. 
Obs. HL Fit Stdev.Fit Residual St.Resid 
22 4.70000 1.69167 0.38391 3.00833 2.36R 
27 4.70000 2.00000 0.27147 2.70000 2.07R 
37 5.COOOO 2.40556 0.31346 2.59444 2.01R 
41 5.00000 1.86667 0.38391 3.13333 2.46R 
208 5.00000 2.40556 0.31346 2.59444 2.01R 
210 3.60000 0.87778 0.31346 2.72222 2.11R 
21: 5.CCOOO ::'.86667 0.38391 3.13333 2.46R 
212 5.00000 1. 83333 0.38391 3.16667 2.49R 
213 5.00000 0.91667 0.27147 4.08333 3.14R 
2H 5.00000 2.23750 0.27147 2.76250 2.12R 
215 5.COOOO 2.00000 0.27147 3.00000 2.30R 
216 5.00000 2.00000 0.27147 3.00000 2.30R 
245 5.COOOO '!..86667 0.31346 3.13333 2.42R 
248 4.60:100 1. 96667 0.38391 2.63333 2.07R 
252 4.COOOO :.35833 0.27147 2.64167 2.03R 
280 4.20:CO ::'.48333 0.31346 2.71667 2.10R 
285 5.CCOOO : .• 59583 0.27147 3.40417 2.61R 
292 5.CCOCO :.87500 0.38391 3.12500 2.45R 
388 4.500~C :.76~:: 0.31346 2.73889 2.12R 
390 S.COOCC ..... 86667 0.31346 3.13333 2.42R 
R oenotes Rn obs. wit.n a :'..arge st. resid. 
Analysis of Variance for RAD 
Source "';' Seq SS Adj SS Adj MS F P .,. 
Trial 2 8.738 8.738 4.369 3.17 0.043 
-I .... 3.575 2.953 2.953 2.14 0.144 
sit 6.283 4.796 4.796 3.48 0.063 
TIt:, 6.926 5.662 5.662 4.10 0.043 
7r':al"-I ... 2 1.409 1.409 0.704 0.51 0.601 
Trial*s/f / 3.037 3.037 1.519 1.10 0.334 
Tri.al'*~/tJ ? 2.058 2.058 1. 029 0.75 0.475 
-/ .... *s/f 44 .403 37.386 37.386 27.09 0.000 
-/ ...... T/U 0.460 0.664 0.664 0.48 0.488 
s/f*T/U . 0.385 0.806 0.806 0.58 0.445 . 
Trial*-/ ....... s/f '- 4.364 4.364 2.182 1.58 0.207 
Trial .. -/ ...... '!'/:; 2 3.113 3.113 1. 556 1.13 0.325 
Trial*s/f"'~/U 2 2 .163 2.163 1.081 0.78 0.457 
-/-*s/f,*:/'J 10.862 6.924 6.924 5.02 0.026 
Trial"-I-"s/f"!/U ') 3.780 3.780 1.890 1.37 0.255 
Error 408 563.032 563.032 1.380 
Total ';3: 664.590 
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Unusual Obsc:::va:;'-n~s ~or RAD 
Obs. RAD F':''C Stdev.Fit Residual St.Resid 
10 4.60000 0.92222 0.27689 3.67778 3.22R 
11 4.60000 2 .29t;~~ 0.27689 2.30556 2.02R 
13 5.COOOO 0.86667 0.33911 4.13333 3.68R 
20 4.60000 2.29444 0.27689 2.30556 2.02R 
22 5.00000 :.12500 0.33911 3.87500 3.45R 
26 5.00000 1. 74583 0.23979 3.25417 2.83R 
27 4.90000 1.47083 0.23979 3.42917 2.98R 
106 2.90000 0.39583 0.23979 2.504l7 2.18R 
129 3.!l0000 1.17222 0.27689 2.32778 2.04R 
136 4.20000 1.17222 0.27689 3.02778 2.65R 
176 4.00000 :.53333 0.33911 2.46667 2.19R 
208 3.SCCCC ~.17222 0.27689 2.62778 2.30R 
228 5.COOCC :.22778 0.27689 3.77222 3.30R 
245 ~.CC~=O :.22778 0.27689 2.77222 2.43R 
253 4.30::00 :.227 1 8 0.27689 3.07222 2.69R 
260 3.60000 : .112:'0 0.23979 2.48750 2.16R 
283 4.40000 ~~.-'1~-:: 0.27689 2.68889 2.36R 
383 4.30JOO :.75833 0.33911 2.54167 2.26R 
384 4.30:):0 ',.119: ., 0.23979 3.12083 2.71R 
385 4.:0000 :.73333 0.23979 2.36667 2.06R 
428 4.COOOO 1.t1S:CC 0.33911 2.55000 2.27R 
43" 4 ("",.."" e'>#'W'oJ>wJ'W : . 33') 50 0.23979 2.66250 2.32R 
R cienctes a:1 ccs. t\f:: ... : a large st. resid. 
Analysis of Variance for Ph 
So\;rce ~;: Seq 55 Adj SS Adj MS F P 
Trial ;> 14.5177 14.5177 7.2588 7.52 0.001 
-I" 0.3169 0.1949 0.1949 0.20 0.653 
s/! 43.8919 43.3590 43.3590 H.90 0.000 
TIt; 1.4817 1.2826 1.2826 1.33 0.250 
Trial"-I- ::1 0.4910 0.4910 0.2455 0.25 0.776 
Trial*s/f :2 2.3068 2.3068 1.1534 1.19 0.304 
Tr:al"T/t: :/ 2.2281 2.2281 1.1140 1.15 0.316 
-I+*s/f 0.4095 0.3051 0.3051 0.32 0.574 
-1 ..... T/t; 1.6502 1.8721 1. 8721 1. 94 0.165 
s/f*TlU 2.5361 1.7970 1. 7970 1.86 0.173 
Trial"-I-"s/! ;> 0.1734 0.1734 0.0867 0.09 0.914 
Trial'll-/- .. :1;; -; 0.5045 0.5045 0.2523 0.26 0.770 
Trial"'s/fw:/t:, 2 0.5586 0.5586 0.2793 0.29 0.749 
-1+*s/f"TI\: 0.0700 0.0021 0.0021 0.00 0.963 
t:lal"-I-"./!·:/~ <: 1.1931 1.1931 0.5965 0.62 0.540 
Error 40B 393.9636 393.9636 0.9656 
Tc:al 43: 466.2931 
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Unusual Obse::-va::.io~s ~C~ Ph 
Obs. Ph t""~ . ... - Stdev.Fit Residual St.Resid 
11 3.90000 ::.. 73889 0.23161 2.16111 2.26R 
19 3.10000 0.70556 0.23161 2.39444 2.51R 
26 4.50000 1.52083 0.20058 2.97917 3.10R 
44 3.10000 1.06667 0.20058 2.03333 2.11R 
70 2.60000 0.604;'7 0.20058 1. 99583 2.07R 
102 3.80000 2.65556 0.23161 2.14444 2.25R 
103 3.50000 ::'.22500 0.28367 2.27500 2.42R 
105 3.50000 1.52083 0.20058 1.97917 2.06R 
106 3.30000 1.06667 0.20058 2.23333 2.32R 
127 5.00000 1.73889 0.23161 3.26111 3.41R 
131 3.50000 1. 38333 0.28367 2.11667 2.25R 
135 4.00000 1. 52083 0.20058 2.47917 2.58R 
249 3.40000 ::'.129:7 0.20058 2.27083 2.36R 
272 4.10000 : .227 "18 0.23161 2.87222 3.01R 
272 3.80000 :.87778 0.23161 1.92222 2.01R 
273 4.80000 :.17 77 8 0.23161 3.62222 3.79R 
369 3.70000 1.13333 0.20058 2.56667 2.67R 
371 4.~COOO :.76667 0.23161 2.63333 2.76R 
379 4.10000 :. .22"178 0.23161 2.87222 3.01R 
387 3.3:000 0.83333 0.20058 2.46667 2.56R 
388 5.00000 :. ~ rna 0.23161 3.82222 4.00R 
R denotes a~ obs. w!.:..~ a la:-ge st. resid. 
Analysis of Variance for LAD 
Source ,,-~:' Seq SS Adj 5S Adj MS F P 
T:-ial 2 3.583 3.583 1. 791 1.53 0.218 
-1+ 0.709 0.239 0.239 0.20 0.652 
sIt 0.571 1.138 1.138 0.97 0.325 
T/U 0.460 0.289 0.289 0.25 0.620 
Trial"-/- /. ~.988 4.988 2.494 2.13 0.121 
T:-ial"s/f ~ 2.342 2.342 1.171 1.00 0.369 
Trial*T/t: /. 0.497 0.497 0.248 0.21 0.809 
-/ .... s/f 
"" 
0.032 0.255 0.255 0.22 0.641 
-/+*T/U 0.317 0.057 0.057 0.05 0.825 
s/f*T/U 0.758 0.432 0.432 0.37 0.544 
Trial*-I-"s/f 2 2.269 2.269 1.134 0.97 0.381 
Trial *-/+""~' It: 2 1.186 1.186 0.593 0.51 0.603 
Trial*s/f"'l'IU 2 0.436 0.436 0.218 0.19 0.831 
-I+*s/i*":/'J . 3.118 3.900 3.900 3.33 0.069 
Trial"-I+"s/f"T/~ 2 1.033 1.033 0.516 0.4~ 0.644 
Error 408 478.375 478.375 1.172 
To!:al 0: 500.673 
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Unusual Observations ~O!"" LI\D 
Obs. LAD F!t Stdev.Fit Residual St.Resid 
14 4.80000 1.29167 0.31258 3.50833 3.38R 
15 5.00000 1.14167 0.22103 3.85833 3.64R 
18 4.00000 1.20417 0.22103 2.79583 2.64R 
20 5.00000 !.46667 0.25522 3.53333 3.36R 
25 4.30000 ::'.22SCC 0.22103 3.07500 2.90R 
29 3.40000 1.25556 0.25522 2.14444 2.04R 
32 3.40000 !.29167 0.31258 2.10833 2.03R 
71 3.40000 1.204l7 0.22103 2.19583 2.07R 
102 3.70000 1.2SCOO 0.25522 2.45000 2.33R 
208 4.20000 !.48889 0.25522 2.71111 2.58R 
214 3.00000 0.801ll7 0.22103 2.19583 2.07R 
216 3.50000 !.22500 0.22103 2.27500 2.15R 
230 4.00eeO 1.56667 0.31258 2.43333 2.35R 
244 4.00000 !.62222 0.25522 2.37778 2.26R 
247 4.30000 1. 31667 0.31258 2.98333 2.88R 
249 4.00000 :.54167 0.22103 2.45833 2.32R 
250 4.40000 :.37917 0.22103 3.02083 2.85R 
252 3.40000 :.C375~ 0.22103 2.36250 2.231\ 
260 3.70000 " .54; 67 0.22103 2.15833 2.04R 
370 3.40000 :.200~O 0.25522 2.20000 2.09R 
R cenotes a~ obs. \0;:' ": .. ~ a la:-ge st. resid. 
Analysis of Variance for Punct 
Source -,-,: Seq SS Adj SS Adj MS F P 
Trial ;( 19.083 19.083 9.541 8.08 0.000 
-/+ 1.482 0.868 0.868 0.73 0.392 
s/f 
-
1. 300 1.309 1.309 1.11 0.293 
T/U 0.285 0.189 0.189 0.16 0.689 
Trial"-/" ;( 3.426 3.426 1. 713 1.45 0.236 
Trial"s/f 2 0.951 0.951 0.476 0.40 0.669 
Tr!al*T/l: 2 0.714 0.714 0.357 0.30 0.739 
-/"'*s/f 1.050 0.933 0.933 0.79 0.374 
-/ ..... ;:/U 0.585 0.315 C.315 0.27 0.606 
s/f-Vt; 0.022 0.094 0.094 0.08 0.777 
Tr!al--/-ws/f 2 4.864 4.864 2.432 2.06 0.129 
Tr!al*-/--':'/t: :1 3.057 3.057 1.529 1.29 0.275 
Trial*s/f*'I'/t: ;; 2.315 2.315 1.157 0.98 0.376 
-/+*s/f*'r./U 0.019 0.013 0.013 0.01 0~915 
Tr!al--/-*s!f-T/t; 2 1. 422 1. 422 0.711 0.60 0.548 
Error 408 481. '722 481.722 1.181 
Total Ol 522.298 
• 
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Unusual Obse:va':.io:'ls ~O~ Punct. 
Obs. Punct Fit Stc:iev.Fit Residual St.Resid 
H 4.8C~00 1.41667 0.31367 3.38333 3.25R 
15 5.00~00 :.09583 0.22180 3.90417 3.67R 
20 4.60000 1.72222 0.25611 2.87778 2.73R 
21 4.50000 1.13889 0.25611 3.36111 3.18R 
22 4.90000 1.41667 0.31367 3.48333 3.35R 
23 4.10000 0.85~00 0.31367 3.25000 3.12R 
24 3.00000 0.72083 0.22180 2.27917 2.14R 
25 4.00000 1.03333 0.22180 2.96667 2.79R 
26 4.00000 0.96667 0.22180 3.03333 2.85R 
27 5.00000 1.09583 0.22180 3.90417 3.67R 
28 4.90000 -:'.72222 0.25611 3.17778 3.01R 
66 3.70000 1.57778 0.25611 2.12222 2.01R 
172 5.0COOO : .57778 0.25611 3.42222 3.24R 
282 4.::'0000 :.76667 0.25611 2.33333 2.21R 
385 ~.;>CO~C •• 1.33::3 0.22180 3.06667 2.88R 
388 5 "" .. ,~" .~,",\,IV'" :.7666" 0.25611 3.23333 3.06R 
425 5.00000 :'.26::, : 0.25611 3.73889 3.54R 
426 ~.OCOOO , .56667 0.25611 2.43333 2.30R 
431 4.00:J00 :.17::83 0.22180 2.82917 2.66R 
R denotes an obs. wi:,r. a large st. resid. 
Means 
HL ••••• RAD .... . Ph . .... 
Trial Mean Stdev Mean Stdev Mean stdev 
1 :.5833 0.11083 1. 4556 0.09789 1.3528 0.08189 
2 ~ .4562 0.13573 1.1708 0.11989 0.9510 0.10029 
3 : .6036 0.09598 1.1464 0.08478 0.9708 0.07092 
-I· 
1 :.8644 0.09418 1.3436 0.08319 1.1137 0.06959 
2 : .23:'1 0.09418 1.1715 0.08319 1.0694 0.06959 
s/f 
1 : .2365 0.09418 1.3672 0.08319 1.4213 0.06959 
2 ; .8590 0.09418 1.1479 0.08319 0.7618 0.06959 
T/'J 
:!. : .6536 0.09418 1.1384 0.08319 1.0348 0.06959 
2 :.44:9 0.09418 1.3767 0.08319 1.1483 0.06959 
Trial--I· 
1 : • 976t; 0.15673 1.6236 0.13844 1.3389 0.11581 
. 2 :.1903 0.15673 1.2875 0.13844 1.3667 0.11581 ... 
2 . .8188 0.19196 1.1938 0.16956 0.9688 0.14183 
-
2 2 :.0938 0.19196 1.1479 0.16956 0.9333 0.14183 
3 
-
'_.7979 0.13573 1.2135 0.11989 1. 0333 0.10029 
3 2 ',.4094 0.13573 1. 0792 0.1:' 989 0.9083 0.10029 
Trial*s/f 
1 :.. 1.3375 0.15673 1. 6819 0.13844 1. 7597 0.11581 
• 2 : .8292 0.15673 1.2292 0.138~4 0.9458 0.11581 ... 
2 '. .0625 0.19196 1.1729 0.16956 1.2917 0.14183 
2 ;: .• 850C 0.19196 1.1688 0.16956 0.6104 0.14183 
3 " .309~ 0.13573 1.2469 0.11989 1.2125 0.10029 
3 2 :.8979 0.13573 1.0458 0.11989 0.7292 0.10029 
Trial"T/l: 
1 
1 
2 
2 
3 
3 
-/+*s/f 
1 
1 
2 
2 
1 
2 
2 
-/+*T/U 
1 1 
1 2 
2 1 
2 2 
s/f.*T/U 
1 
2 
2 
2 2 
2 
. 
... 
2 
. 
... 
2 
Trial"-/-*s/f 
1 :. 
1 2 
1 ~ 
1 2 
. 
... 
2 
1 
2 2 
2 2 
2 2 2 
3 1 
3 2 
3 :1 
3 2 2 
Trial*-/+":'/U 
1 
1 
2 
2 
2 
2 
3 
3 
3 
3 
2 
'2 
2 
2 
2 
2 
1 
2 
2 
2 
2 
2 
:ri.al"s/f""~/U 
. 
... 
1 
1 
2 
2 
2 
2 
1 
2 2 
2 
2 
2 
:.7056 
1.4611 
1. 4 667 
1.4458 
:.7885 
:.4188 
1.8113 
1. 9174 
0.6616 
1.8007 
0.15673 
0.15673 
0.19196 
0.19196 
0.13573 
0.13573 
0.13320 
0.13320 
0.13320 
0.13320 
2.0998 0.13320 
1.6289 0.13320 
:. .2074 0.13320 
:.2549 0.13320 
: . .; 32 6 
:.0403 
: .8H5 
:.8435 
:.8694 
2.0833 
0.8056 
:.5750 
:.7667 
:.8708 
0.3583 
: .8292 
:.7979 
!..7979 
::.8208 
: .9979 
0.13320 
0.13320 
0.13320 
0.13320 
0.22165 
0.22165 
0.22165 
0.22165 
0.27147 
0.27147 
0.27147 
0.27147 
0.19196 
0.19196 
0.19196 
0.19196 
/..3306 0.22165 
:.6222 0.22165 
:.0806 
:.3000 
:.8500 
: .7875 
:.0833 
: .1042 
").::88 
' .. 071 
:.4583 
' .. 3604 
.. 5667 
: .1083 
: .8444 
'_.8139 
: .1542 
::.9708 
0.22165 
0.22165 
0.27147 
0.27147 
0.27147 
0.27147 
0.19196 
0.19196 
0.19196 
0.19196 
0.22165 
0.22165 
0.22165 
0.22165 
0.27147 
0.27147 
:.7792 0.27147 
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1.4194 
1. 4917 
1.0438 
1.2979 
0.9521 
1.3406 
1.7595 
0.9278 
0.9750 
1.3681 
0.13844 
0.13844 
0.16956 
0.16956 
0.11989 
0.11989 
0.11765 
0.11765 
0.11765 
0.11765 
1.2653 0.11765 
1.4220 0.11765 
1.0116 0.11765 
1.3315 0.11765 
1.2931 
1.4414 
0.9838 
1. 3120 
0.11765 
0.11765 
0.11765 
0.11765 
2.0472 0.19579 
1.2000 0.19579 
1.3167 0.19579 
1.2583 0.19579 
1.4917 0.23979 
0.8958 0.23979 
0.8542 0.23979 
1.4417 0.23979 
1.7396 0.16956 
0.6875 0.16956 
0.7542 0.16956 
1.4042 0.16956 
1.7333 0.19579 
1.5139 0.19579 
1.1056 
1.4694 
1. 0917 
1.2958 
0.9958 
1.3000 
0.9708 
1.4562 
0.9333 
1.2250 
0.19579 
0.19579 
0.23979 
0.23979 
0.23979 
0.23979 
0.16956 
0.16956 
0.16956 
0.16956 
1.6083 O.!9579 
1.7556 0.19579 
1.2306 0.19579 
1.2278 0.19579 
1.2000 0.23979 
1.1458 0.23979 
0.8875 0.23979 
1.1931 
1. 5125 
0.9542 
0.9479 
0.9573 
0.9844 
1.4711 
0.7563 
1.3715 
0.7674 
1.1255 
1.1019 
0.9442 
1.1947 
1.4317 
1. 4109 
0.6380 
0.8856 
1. 7528 
0.9250 
1.7667 
0.9667 
1.3333 
0.6042 
1.2500 
0.6167 
1.3271 
0.7396 
1.0979 
0.7187 
0.11581 
0.11581 
0.14183 
0.14183 
0.10029 
0.10029 
0.09842 
0.09842 
0.09842 
0.09842 
0.09842 
0.09842 
0.09842 
0.09842 
0.09842 
0.09842 
0.09842 
0.09842 
0.16377 
0.16377 
0.16377 
0.16377 
0.20058 
0.20058 
0.20058 
0.20058 
0.14183 
0.14183 
0.14183 
0.14183 
1.2056 0.16377 
1. 4 722 0.16377 
1.1806 
1.5528 
1. 0917 
0.8458 
0.8167 
1. 0500 
1. 07 92 
0.9875 
0.8354 
0.9812 
1. 6972 
1. 8222 
0.6889 
1.2028 
1. 3042 
1.2792 
0.16377 
0.16377 
0.20058 
0.20058 
0.20058 
0.20058 
0.14183 
0.14183 
0.14183 
0.14183 
0.16377 
0.16377 
0.16377 
0.16377 
0.20058 
0.20058 
0.6042 0.20058 
2 
3 
3 
3 
3 
2 
1 
2 
2 
-I+"'s/f-T/'J 
1 
1 
1 
2 
2 
2 
2 
1 
. 
... 
1 
1 
. 
... 
1 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
Trial 
1 
2 
3 
-1+ 
2 
s/f 
2 
TIt; 
1 
1 
2 
2 
1 
1 
2 
2 
2 
:2 
2 
2 
:2 
:2 
2 
2 
... 
<. 
2 
Trial"'-I+ 
2 
2 
2 
2 
2 
1 
2 
1 
2 
2 
2 
1 
1 
2 
2 
:2 
2 
1 
2 
:2 
1 
::. 
2 
2 
1 
1 
2 
;1 
:2 
:I 
2 
"L 
2 
2 
2 
:.9208 
1.5771 
:.0417 
2.0000 
1...7958 
2.1088 
1.5139 
2.0907 
1. 7440 
0.7565 
0.5667 
~.6583 
:.9431 
2.2556 
:.4833 
2.4056 
:.7611 
0.8778 
C.7333 
:.2833 
;.8667 
:.8333 
' .. 7000 
:.8667 
" .. 8750 
:.4750 
:.2417 
~ .6917 
: .. 9667 
2.2375 
:~. 3583 
:I.CCCO 
" .. 5958 
0.9167 
:.7250 
'?.COCC 
',.9958 
0.27147 
0.19196 
0.19196 
0.19196 
0.19196 
0.18837 
0.18837 
0.18837 
0.18837 
0.18837 
0.18837 
0.18837 
0.18837 
0.31346 
0.31346 
0.31346 
0.31346 
0.31346 
0.31346 
0.31346 
0.31346 
0.38391 
0.38391 
0.38391 
0.38391 
0.38391 
0.38391 
0.38391 
0.38391 
0.27147 
0.27147 
0.27147 
0.27147 
0.27147 
0.27147 
0.27147 
0.27147 
LAD ••••• 
~ea:l Stdev 
:.3590 0.09023 
:.1719 0.11051 
:.1630 0.07815 
' .. 2068 0.07668 
" .. 2558 0.07668 
:.1779 0.07668 
~ .28t;7 0.07668 
: .2044 0.07668 
:.2582 0.07668 
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1.4500 
1.0708 
1.4229 
0.8333 
1.2583 
0.23979 
0.16956 
0.16956 
0.16956 
0.16956 
1.8579 0.16639 
1.6611 0.16639 
0.6727 0.16639 
1.1829 0.16639 
0.7282 0.16639 
1.2218 0.16639 
1.2949 0.16639 
1.4412 0.16639 
2.2944 
1.8000 
1.1722 
1.2278 
0.9222 
1.7111 
1.2889 
1.2278 
1.5333 
1. 4500 
0.6500 
1.1417 
0.8667 
0.8417 
1.1250 
1.7583 
1. 7458 
1.7333 
0.1958 
1.1792 
0.3958 
1.1125 
1.4708 
1. 3375 
0.27689 
0.27689 
0.27689 
0.27689 
0.27689 
0.27689 
0.27689 
0.27689 
0.33911 
0.33911 
0.33911 
0.33911 
0.33911 
0.33911 
0.33911 
0.33911 
0.23979 
0.23979 
0.23979 
0.23979 
0.23979 
0.23979 
0.23979 
0.23979 
• •• Punct •••• 
Mean Stdev 
1.4118 0.09055 
0.9688 0.11090 
0.9646 0.07842 
1.1617 0.07695 
1.0684 0.07695 
1.0578 0.07695 
1.1723 0.07695 
1.0933 0.C7695 
1.1368 0.07695 
0.6167 
1.2938 
1.1313 
0.6208 
0.8375 
1.5477 
1.3944 
0.7032 
0.8093 
1.3157 
1. 4273 
0.5727 
0.9620 
1. 7389 
1. 7667 
0.6722 
1.1778 
1.6556 
1.8778 
0.7056 
1.2278 
1.3833 
1.2833 
0.8000 
0.4083 
1. 2250 
1.2750 
0.4083 
0.8250 
1. 5208 
1.1333 
0.6375 
0.8417 
1.0667 
1.1292 
0.6042 
0.8333 
0.20058 
0.14183 
0.14183 
0.14183 
0.14183 
0.13918 
0.13918 
0.13918 
0.13918 
0.13918 
0.13918 
0.13918 
0.13918 
0.23161 
0.23161 
0.23161 
0.23161 
0.23161 
0.23161 
0.23161 
0.23161 
0.28367 
0.28367 
0.28367 
0.28367 
0.28367 
0.28367 
0.28367 
0.28367 
0.20058 
0.20058 
0.20058 
0.20058 
0.20058 
0.20058 
0.20058 
0.20058 
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1 ',,4486 0.12761 1.5819 0.12806 
1 2 : .2694 0.12761 1.2417 0.12806 
2 , :',1625 0.15629 0.9000 0.15684 ... 
2 2 :.1812 0.15629 1.0375 0.15684 
3 , 1.0094 0.11051 1. 0031 0.11090 ... 
3 2 1. 3167 0.11051 0.9260 0.11090 
Trial*s/f 
1 1 1. 3847 0.12761 1.4222 0.12806 
1 2 :.3333 0.12761 1.4014 0.12806 
2 1 1.0021 0.15629 0.8667 0.15684 
2 2 1. 3417 0.15629 1. 0708 0.15684 
3 
· 1.1469 0.11051 0.8844 0.11090 ... 
3 2 1.1792 0.11051 1.0448 0.11090 
Trial*T/C 
1 · :.3653 ... 0.12761 1. 3319 0.12806 
, 2 :.3528 0.12761 1.4917 0.12806 ... 
2 " :.~542 0.15629 0.9937 0.15684 ... 
2 '} :.1896 0.15629 0.9438 0.15684 
3 ::. : .0938 0.11051 0.9542 0.11090 
3 2 :.2323 0.11051 0.9750 0.11090 
-/+*s/f 
1 ~ .1787 0.10845 1.1528 0.10883 
", 2 :.2350 0.10845 1.1706 0.10883 
'} 1 : .1771 0.10845 0.9627 0.10883 
2 2 ,: .3345 0.10845 1.1741 0.10883 
-/+*T/U 
1 : .1919 0.10845 1.1681 0.10883 
2 ~.2218 0.10845 1.1553 0.10883 
2 1 ':.2169 0.10845 1. 0185 0.10883 
'} 2 l.2947 0.10845 1.1183 0.10883 
s/!"'T/t: 
1 
-
:.1181 0.10845 1.0206 0.10883 
, 2 , .237"J 0.10845 1.0949 0.10883 -
2 1 " .2907 0.10845 1.1660 0.10883 
:2 2 ::'.2787 0.10845 1.1787 0.10883 
Tria1*-/ ...... s/f 
1 1 1.5<t;4 0.18047 1.4917 0.18110 
1 2 ~.3528 0.18047 1.6722 0.18110 
1 2 1 :.2250 0.18047 1. 3528 0.18110 
1 2 2 ~.3139 0.18047 1.1306 0.18110 
2 :.~7:8 0.22103 0.9167 0.22180 
2 2 " .2542 0.22103 0.8833 0.22180 
2 2 . ... ::.9333 0.22103 0.8167 0.22180 
2 2 2 " .4292 0.22103 1.2583 0.22180 
3 1 ::.9208 0.15629 1. 0500 0.15684 
3 2 :.0979 0.15629 0.9563 0.15684 
3 2 l :'.3729 0.15629 0.7187 0.15684 
:; '} 2 :.2604 0.15629 1.1333 0.15684 
Trial 7t -/-"T/'J 
1 · 
, 
: . .;778 0.18047 1. 6500 C.18110 - ... , 
" 2 ' .• 4194 0.18047 1.5139 0.18110 ... ... , 2 . :.2528 0.18047 1.0139 0.18110 ... -
1 '} 2 •. 2861 0.18047 1. 4694 o .1811C 
2 " .0833 0.22103 0.8542 0.22180 
2 2 " .2417 0.22103 0.9458 0.22180 
2 '} 1 : .2250 0.22103 1.1333 0.22180 
Trial .. -/ .... 'Z/U 
2 2 
3 1 
3 1 
3 2 
2 
1 
2 
, 
.. 
3 2 2 
Tria1"s/f"-:-/U 
1 
1 
1 
1 
2 
2 
2 
2 
3 
3 
3 
3 
2 
2 
1 
.:2 
2 
1 
2 
2 
-/+*s/':.*":/:1 
2 
2 
2 
2 
::. 
2 
2 
2 
2 
.:2 
.:2 
1 
2 
1 
2 
1 
2 
1 
2 
2 
, 
.. 
2 
(cor:ti-,;ed) 
:.1375 
1.0146 
1.0042 
::. .1729 
1. 4 604 
1. 3583 
:'.4111 
:.3722 
:.294 Ii 
0.9917 
1. 0125 
1. 3167 
1.3667 
:.0042 
: .2896 
:.1933 
: .1750 
1.0319 
:.3255 
:.3519 
: .1181 
: .2042 
:.15CO 
" .2296 
: .4394 
0.22103 
0.15629 
0.15629 
0.15629 
0.15629 
0.18047 
0.18047 
0.18047 
0.18047 
0.22103 
0.22103 
0.22103 
0.22103 
0.15629 
0.15629 
0.15629 
0.15629 
0.15337 
0.15337 
0.15337 
0.15337 
0.15337 
0.15337 
0.15337 
0.15337 
Tria1·-/·"s/!"T/~ 
1 : .. 4667 
~ . 6222 
::'.4889 
:.2167 
0.25522 
0.25522 
0.25522 
0.25522 
0.25522 
0.25522 
0.25522 
0.25522 
0.31258 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
1 
2 
.:2 
2 
2 
2 
2 
2 
2 
1 
2 
2 
1 
2 
2 
.:2 
2 
, 
... 
2 
2 
3 ~ 2 
3 
3 2 
3 2 
3 2 
3 , 
2 
1 
.:2 
2 
2 
2 
.:2 
2 
: .2500 
: .2000 
:.2556 
: .3722 
::.8250 
:'.3167 0.31258 
: .3417 0.31258 
:.1667 
: .1593 
C.7C83 
~ .29::' 7 
:.5667 
').8042 
~.0375 
0.31258 
0.31258 
0.31258 
0.31258 
0.31258 
0.22103 
0.22103 
:.2250 0.22103 
::.9708 
: .2012 
: .54::'"1 
: .14::' 7 
.• 3792 
0.22103 
0.22103 
0.22103 
0.22103 
0.22103 
0.9417 
1.0000 
1. 0063 
0.9083 
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0.22180 
0.15684 
0.15684 
0.15684 
0.9438 0.15684 
1.4306 
1. 4139 
1.2333 
1.5694 
0.7875 
0.9458 
1.2000 
0.9417 
0.8438 
0.9250 
1.0646 
1.0250 
0.18110 
0.18110 
0.18110 
0.18110 
0.22180 
0.22180 
0.22180 
0.22180 
0.15684 
0.15684 
0.15684 
0.15684 
1.1380 0.15390 
1.1676 0.15390 
1.1981 0.15390 
1.1431 0.15390 
0.9032 0.15390 
1.0222 0.15390 
1.1338 0.15390 
1.2144 0.15390 
1.7222 
1.2611 
1.5778 
1.7667 
1.1389 
1.5667 
0.8889 
1.3722 
0.7250 
0.25611 
0.25611 
0.25611 
0.25611 
0.25611 
0.25611 
0.25611 
0.25611 
0.31367 
1.1083 0.31367 
0.9833 0.31367 
0.7833 0.31367 
0.8500 0.31367 
0.7833 0.31367 
1.4167 0.31367 
1.10000.31367 
0.9667 0.22180 
1.1333 0.22180 
1.0333 0.22180 
0.8792 
0.7208 
0.7167 
1. 0958 
1.1708 
0.22180 
0.22180 
0.22180 
0.22180 
0.22180 
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GLM - Musically Trained Subjects 
Fac1:or Levels Values 
Trial 3 1 2 3 
S/F 2 1 2 
-1+ 2 , 2 ... 
Analysis of Variance for HL 
Source ,,~ "r Seq 55 Adj 55 Adj MS F P 
Trial 2 3.344 3.344 1.672 0.91 0.405 
S/F 9.500 9.734 9.734 5.29 0.022 
-I .. , 41.870 39.693 39.693 21.58 0.000 
-
Trial"S/r , ::.869 0.869 0.434 0.24 0.790 
Tria1*-I- 2 3.776 3.776 1.888 1. 03 0.360 
S/F*-/+ 11.807 10.545 10.545 5.73 0.018 
Trial"S!r'''-/ + 2 3.156 3.156 1.578 0.86 0.426 
Error 20~ 375.285 375.285 1.840 
T01:al 215 449.605 
Unusua: C~)sf~rva':.:i ':r.s ~()C HI. 
Obs. H:' ::-.tr. S1:ciev.Fit Residual 5t.Resid 
22 4.70000 :.69",67 0.39154 3.00833 2.32R 
27 4.iCOOO 2.COC:~ 0.27686 2.70000 2.03R 
41 5.00000 :.86607 0.39154 3.13333 2.41R 
21C 3.60000 0.87778 0.31969 2.72222 2.07R 
2" ...... 5.000::0 :.86667 0.39154 3.13333 2.41R 
212 S.CCCCO ", .93333 0.39154 3.16667 2.44R 
213 5.COCCO ::.9:H" 0.27686 4.08333 3.08R 
214 5.00000 2.23·/5(l 0.27686 2.76250 2.08R 
215 5. C~~}~O 2.CC~:C 0.27686 3.00000 2.26R 
216 t>.CCOCC 2.~C~CC 0.27686 3.00000 2.26R 
R cieno1:es ci~ ccs. wi::?' a :;'arqe S1:. resid. 
Analysis of Variance for RAD 
Source "I:" :/ .. Sec: SS Adj 55 Adj MS F P 
Trj.al , 9.427 9.427 4.714 3.77 0.025 
sIr 4.890 4.767 4.767 3.81 0.052 
-1+ 3.300 3.208 3.208 2.57 0.111 
'!'rial"S!f ::2 0.204 0.204 0.102 0.08 0.922 
T=':al"-/- ;> 3.937 3.937 1. 969 1. 57 0.210 
S/F"-/" ~9.594 38.244 38.244 30.59 0.000 
Trial*S/F"-I+ :2 5.636 5.636 2.818 2.25 0.108 
Er=or 204 255.009 255.009 1.250 
To1:al 21: 33:.998 
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tJn;;sual Oose~vat.io:ls ~cr RAD 
Obs. RAD Fit. Stdev.Fit Residual St.Resid 
10 4.E~000 0.92222 0.26353 3.67776 3.36R 
"!": 4.EOOOO 2 .2944~ 0.26353 2.30556 2.12R 
13 5.00000 0.666E-' 0.32275 4.13333 3.66R 
20 4. 60000 2.291,1, 4 0.26353 2.30556 2.12R 
22 5.00000 :.125:0 0.32275 3.67500 3.62R 
26 5.CC~OC :.74563 0.22622 3.25417 2.97R 
27 4.90000 1.47093 0.22622 3.42917 3.13R 
106 2.90000 0.39583 0.22822 2.50417 2.29R 
129 3.50000 2.1722:.1 0.26353 2.32778 2.14R 
136 4.20000 1.17222 0.26353 3.02778 2.79R 
176 4.00000 :.53333 0.32275 2.46667 2.30R 
208 3.80000 :.17222 0.26353 2.62778 2.42R 
21<: ~.CC~:C :.74583 0.22822 2.25417 2.06R 
R oenotes a:! cbs. w,::.:': a l.a~ge st. resid. 
Analysis of Variance for Ph 
So'.:rce JF Seq SS Adj SS Adj MS F l? 
Tr':al :2 2.6920 2.6920 1.3460 1.59 0.207 
sIr 33.7646 31.4050 31.4050 37.05 0.000 
-1- :.7067 1. 6375 1. 6375 1. 93 0.166 
Trial"s/r / 1.2842 1.2842 0.6421 0.76 0.470 
Trial"-/+ 2 0.6380 0.6380 0.3190 0.36 0.687 
S/F"-I+ o ./l091 0.1281 0.1281 0.15 0.698 
T!"j al"S/P-/.;. 2 0.878::' 0.8781 0.4391 0.52 0.597 
Error 2C4 :·12.9399 172.9399 0.6477 
Tot.al ~. " ,,-¥ 2~L31?E 
U~~lsual Cbs(!'rvat ~ ens :0= !?~ 
Obs. ?h ::: ::. Stdev.Fit Residual St.Resid 
~ , 
... 3.90:":00 :.73889 0.21702 2.16111 2.42R 
19 3.10CCC :.7C~56 0.21702 2.39444 2.68R 
23 3.0000C :.2250C 0.26579 1.77500 2.0lR 
26 4.~CO~C :.52~83 0.18794 2.97917 3.31R 
4~ , 3.1C~CC :.06667 0.18794 2.03333 2.26R 
E5 3.::::CO : • 65~~6 0.21702 1.84444 2.06R 
70 2.6C:OC " '''f.., .. ...,. c .... ! . 0.18794 1.99583 2.21R 
102 3.8C::OC :.65~::6 0.21702 2.14444 2. /jOR 
:03 3.5CCOC :.22!";:~ 0.26579 2.27500 2.58R 
lC~ 3.:'0000 : • 52~~93 0.18794 1. 97 917 2.20R 
106 3.30000 : • C6667 0.18794 2.23333 2.48R 
10" 2.5C:~C ~. 60~".", 0.18794 1.89583 2.10R 
127 5.0COCC :.-13889 0.21702 3.26111 3.64R 
13: 3.50::;00 ~.38333 0.26579 2.11667 2.40R 
135 4.CO~OO :.52:83 0.18794 2.47917 2.75R 
Appendix I - Statistical analysis 200 
Analysis of Variance for LAD 
Source DF Seq SS Adj SS Adj MS F P 
Trial 2 3.150 3.150 1.575 1.40 0.249 
S/F , 1.322 1.486 1.486 1. 32 0.252 .. 
-/+ 1 0.039 0.031 0.031 0.03 0.868 
Trial'*S/F 2 0.719 0.719 0.360 0.32 0.727 
Trial"-/+ 2 1. 715 1.715 0.857 0.76 0.468 
S/F'*-/+ , 1.260 1.080 1.080 0.96 0.328 
-
Trial"S/F"-I+ 2 0.583 0.583 0.292 0.26 0.772 
Error 2C~ 229.560 229.560 1.125 
Total 2:5 238.349 
Unusual Observations for LAD 
Obs. LAD F'.:' ..... 5t.dev.Fit Residual St.Resid 
H 4.8COOO ::. .29: 67 0.30623 3.50833 3.45R 
15 5.00000 :.1<:67 0.21653 3.85833 3.72R 
18 4.00000 :.204~-' 0.21653 2.79583 2.69R 
20 5.00000 :'.46667 0.25003 3.53333 3.43R 
25 4.30000 : .22;'00 0.21653 3.07500 2.96R 
29 3.~OO~: ~.25556 0.25003 2.14444 2.0SR 
32 3.~COOC : .29: 67 0.30623 2.10S33 2.08R 
67 3.~OOOO 2.3416i 0.30623 2.05833 2.03R 
7' 3.<;0000 _.204";7 0.21653 2.19583 2.11R 
102 3. -!OOOC !.2S::0 0.25003 2.45000 2.3SR 
208 4.20000 : .• 48889 0.25003 2.71ll1 2.63R 
214 3.00000 0.80t,~7 0.21653 2.19583 2.llR 
216 3.50000 ~.225~O 0.21653 2.27500 2.19R 
R denotes an obs. wi ~:!": a :'arge st. resid. 
Analysis of Variance for Punct 
Source :): Seq 5S Adj SS Adj MS F P 
Trial 2 6.430 6.430 3.215 2.63 0.075 
sIr 0.831 1. 053 1.053 0.86 0.355 
-1+ :. .965 1.115 1.115 0.91 0.341 
Trial"S/r 2 3.081 3.081 1.54::' 1.26 0.286 
Tr::'al"'-/" ;( 6.456 6.456 3.228 2.64 0.074 
S/F'*-I+ , 0.392 0.362 0.362 0.30 0.587 
Trial"'S/F"-/- 2 0.514 0.514 0.257 0.21 O.Sll 
Error 2Ct, 249.564 249.564 1.223 
Total 2' c; .1._ 269.233 
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Unusual Observat.ior\s ~C~ ?unct. 
Obs. PU:lct Fit. Stdev.Fit Residual St.Resid 
14 4.80000 :.41667 0.31929 3.38333 3.19R 
15 5.COOOO 1. 09583 0.22577 3.90417 3.61R 
20 4.60000 J .72222 0.26070 2.87778 2.68R 
21 4.50000 1.13889 0.26070 3.36111 3.13R 
22 4.90000 1.41667 0.31929 3.48333 3.29R 
23 4.10000 0.85000 0.31929 3.25000 3.07R 
24 3.00000 0.72083 0.22577 2.27917 2.10R 
25 4.00000 1.03333 0.22577 2.96667 2.74R 
26 4.00000 0.96667 0.22577 3.03333 2.80R 
27 5.00000 l.09583 0.22577 3.90417 3.61R 
28 4.90000 1.72222 0.26070 3.17778 2.96R 
172 5.00000 1.57778 0.26070 3.42222 3.18R 
R cenot.es a~ oos. wi~!i a la-:ge st.. resid. 
Means 
:iL .... . . . . . RAD .... . Ph ..... 
Trial Mea:l Stdev Mean Stdev Mean Stdev 
1 :.7056 0.15984 1. 4194 0.13176 1.1931 0.10851 
2 :.4667 0.19577 1.0438 0.16138 0.9542 0.13290 
3 : .788:' 0.13843 0.9521 0.11411 0.9573 0.09397 
SIr 
-
: •• ~.i26 C.13584 1.2931 0.11198 1. 4317 0.09222 
2 : .8;:'~:: 0.13584 0.9838 0.11198 0.6380 0.09222 
-/';' 
, 2.0998 0.13584 1.2653 0.11198 1.1255 0.09222 
2 :.2074 0.13584 1.0116 0.11198 0.9442 0.09222 
Trial-S/F 
1 1.5667 0.22605 1.6083 0.18634 1.6972 0.15346 
1 2 1.841,4 0.22605 1.2306 0.18634 0.6889 0.15346 
2 :C.1St,2 0.27686 1.2000 0.22822 1.3042 0.18794 
2 2 :.7792 0.27686 0.8875 0.22822 0.6042 0.18794 
3 ~. 577", 0.19577 1.0708 0.16138 1.2938 0.13290 
3 2 2.0::: 0.19577 0.8333 0.16138 0.6208 0.13290 
Trial"-/-
1 2.3306 0.22605 1.7333 0.18634 1.2056 0.15346 
1 2 :':.,08:6 0.22605 1.1056 0.18634 1.1806 0.15346 
2 1.8500 0.27686 1. 0917 0.22822 1.0917 0.18794 
2 2 ~.O833 0.27686 0.9958 0.22822 0.8167 0.18794 
3 2.::88 0.19577 0.9708 0.16138 1. 0792 0.13290 
3 2 1.~583 0.19577 0.9333 0.16138 0.8354 0.13290 
S/F*-/+ 
. !. 2.1088 0.19211 1.8579 0.15836 1.5477 0.13041 .. 
2 C.7565 C .19211 0.7282 0.15836 1.3157 0.13041 
2 !. '- "'O"'-i . ,\J",.., 0.29211 0.6727 0.15836 0.7032 0.13041 
2 2 : • 6:'8:> 0.19211 1.2949 0.15836 0.5727 0.13041 
Tr:'al"S/F"-/· 
1 2.2~:;6 0.31969 2.2944 0.26353 1. 7389 0.21702 
!. 2 :: .8';·;~ 0.31969 0.9222 0.26353 1. 6556 0.21702 
1 ;1 ~ .4:):;6 0.31969 1.1722 0.26353 0.6722 0.21702 
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Trial*S/rw-/+ (ccnti~'..:ed) 
. 2 2 :.2833 J. 0.31969 1.2889 0.26353 0.7056 0.21702 
2 1 1 1. 8333 0.39154 1.5333 0.32275 1. 3833 0.26579 
2 , 2 0.4750 .. 0.39154 0.8667 0.32275 1.2250 0.26579 
2 2 1 :!..8667 0.39154 0.6500 0.32275 0.8000 0.26579 
2 2 2 :!. • 691 7 0.39154 1.1250 0.32275 0.4083 0.26579 
3 :!. 1 2.2375 0.27686 1.7458 0.22822 1.5208 0.18794 
3 1 2 0.9167 0.27686 0.3958 0.22822 1. 0667 0.18794 
3 2 1 2.0000 0.27686 0.1958 0.22822 0.6375 0.18794 
3 2 2 2.0000 0.27686 1.4708 0.22822 0.6042 0.18794 
LAD ..... . .. Punct . ... 
Trial Mean Stdev Mean Stdev 
1 1. 3653 0.1250 1.3319 0.1303 
2 1.1542 0.1531 0.9937 0.1596 
3 ~.C938 0.1083 0.9542 0.1129 
sir 
::. :.::8: 0.1062 1. 0206 0.1108 
2 :.290'; 0.1062 1.1660 0.1108 
-/+ 
, 1.1919 0.1062 1.1681 0.1108 
2 1.2' 69 0.1062 1. 0185 0.1108 
Tria1*S/F 
1 ;'.3:'83 0.1768 1.4306 0.1843 
1 2 :.3722 c .1768 1.2333 0.1843 
2 . 0.9:.1:: '/ 
-
0.2165 0.7875 0.2258 
2 2 "~.3~67 0.2165 1.2000 0.2258 
3 :.0:",. 0.1531 0.8438 0.1596 
3 2 1.1833 0.1531 1.0646 0.1596 
T:ial"-/-
1 . :.4i"lS 0.1768 1. 6500 0.1843 -
1 2 :.25.7B 0.1768 1. 0139 0.1843 
2 , ~.0833 0.2165 0.8542 0.2258 
2 '; 1.2':'0 C.2165 1.1333 0.2258 
3 1. 0: ;; 6 0.1531 1.0000 0.1596 
3 2 :!..~n9 0.1531 0.9083 0.1596 
S/:"-/+ 
1. 1 l.O319 0.1503 1.1380 0.1567 
-
2 1.2:1;2 0.1503 0.9032 0.1567 
2 :.3;':9 0.1503 1.1981 0.1567 
2 2 1.2'-Q6 0.1503 1.1338 0.1567 
Trial"S/F"-/" 
1 , : •• 1;66-.' 0.2500 1. 7222 0.2607 ~ 
, 2 :.25C~ .. 0.2500 1.1389 0.2607 
:!. 2 :. :.~8g9 0.2500 1.5778 0.2607 
1 2 2 ... • "':;=() 0.2500 0.8889 0.2607 
2 1 :.8/.::G 0.3062 0.7250 0.3193 
2 
-
2 :.1583 0.3062 0.8500 0.3193 
2 2 1 ! . 3~ ~ ',' 0.3062 0.9833 0.3193 
2 2 2 :.29:7 0.3062 1.4167 0.3193 
3 , C.8C~2 0.2165 0.9667 0.2258 . 
3 2 : .20"2 0.2165 0.7208 0.2258 
3 2 :. 1.2;;~C 0.2165 1.0333 0.2258 
3 2 2 : • l t,: 7 0.2165 1.0958 0.2258 
Appendix I - Statistical analysis 203 
GLM - Musically Untrained Subjects 
Factor Levels Values 
Trial 3 2 3 
S/F 2 ::. 2 
-I· 2 2 
Analysis of Variance for BL 
Source ":' v" Seq SS Adj 55 Adj MS F P 
Trial 2 0.077 0.077 0.038 0.02 0.978 
S/F 32.979 32.161 32.161 18.94 0.000 
-I.,. 5.227 6.975 6.975 4.11 0.044 
Trial-S/F :2 :).462 0.462 0.231 0.14 0.873 
Trial--I- :1 2.572 2.572 1.286 0.76 0.470 
s/r--I+ 
-
16.007 16.374 16.374 9.65 0.002 
Trial"'S/F'w-l+ ;: 0.901 0.901 0.451 0.27 0.767 
Error 204 346.329 346.329 1. 698 
Tot.al 215 1,04.553 
Unusual Observa:: c,ns ~G!, p.~ 
Obs. lJ' .. ... :: ::. Stdev.Fit Residual St .Resid 
29 5.COOOO " .. 86667 0.30711 3.13333 2.47R 
32 4.f.OCCO ~ .9666'/ 0.37613 2.63333 2.11R 
36 ~.C~OCO ", .35833 0.26596 2.64167 2.07R 
64 4.20000 :.48333 0.30711 2.71667 2.1SR 
69 5.CCOOO :.59583 0.26596 3.40417 2.67R 
76 5.COOOO :.875CC 0.37613 3.12500 2.51R 
172 4.50000 :.76';", ~ 0.30711 2.73889 2.16R 
17~ 5.CO~)OC ..• 8666-] 0.30711 3.13333 2.47R 
R aenoces :1 !1 oos. """, .. " a large st. resid. 
Analysis of Variance for RAD 
So:;rce "r 
." 
Se(~ SS Adj 55 Adj MS F P 
Trial 2 ~.370 1.370 0.685 0.45 0.636 
S/F 1. 779 0.835 0.835 0.55 0.458 
-I ... 0.735 0.408 0.408 0.27 0.604 
Trial-S/F /. ';.996 4.996 2.498 1.65 0.194 
::'r:.al--I- /. 0.584 0.584 0.292 0.19 0.824 
S/F'--I, 5.671 6.066 6.066 4.02 0.046 
'1'rial'*S!f --/-- ;! 2.509 2.509 1.254 0.83 0.437 
E::-or 2Cl! 308.023 308.023 1.510 
Tct.al ?:5 325.666 
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Unt:sual Oo~~e!'va:' !.o~s :'or RA!) 
Obs. RAD Fit: 5tdev.Fit Residual 5t.Resid 
12 5.00000 : .22i?8 0.28963 3.77222 3.16R 
29 4.CC:OC : .22778 0.28963 2.77222 2.32R 
37 4.3C:CO ::. .22-178 0.28963 3.07222 2.57R 
4 .. 3.60000 1.11250 0.25082 2.48750 2.07R 
65 4.40000 :.71111 0.28963 2.68889 2.25R 
167 4.30000 ~.75833 0.35472 2.54167 2.16R 
168 4.30000 1.17917 0.25082 3.12083 2.59R 
212 4.00000 :.45000 0.35472 2.55000 2.17R 
215 4.00000 :.33750 0.25082 2.66250 2.21R 
R denotes an obs. wit!'1 a large st. resid. 
Analysis of Variance for Ph 
Source ., .... .J:" Seq SS Adj SS Adj MS F P 
Trial :1 14.0:54 14. 054 7.027 6.49 0.002 
sIr 12.663 13.751 13.751 12.69 0.000 
-1+ , 0.260 0.429 0.429 0.40 0.530 
Trial-SIr '2 1.581 1.581 0.791 0.73 0.483 
Tria1--/~ , 0.358 0.358 0.179 0.16 0.848 
S/F*-I+ 1 0.070 0.179 0.179 0.17 0.685 
Tr:'al*S/F--/ ... 2 0.488 0.488 0.244 0.23 0.798 
Er!'or :?0f. 22:.024 221.024 1.083 
T01:al 2:':; 250.499 
Unusual Obs~~.~va: : ons :Q":, ?h 
Obs. i?h ;.. .: ~. S::'dev.Fit Residual St.Resid 
33 3.4C:)CO : . ~29: -, 0.21247 2.27083 2.23R 
55 4.10CCO ; .22-'-'8 0.24534 2.87222 2.84R 
57 4.80000 : .17'778 0.24534 3.62222 3.58R 
153 3.70000 :.13333 0.21247 2.56667 2.52R 
155 ".4CrlOO :.7666-' 0.24534 2.63333 2.60R 
163 4.10000 .~ .22'178 0.24534 2.87222 2.84R 
171 3.30000 0.83333 0.21247 2.46667 2.42R 
172 5.C~:)~O : • : i":"7 A 0.24534 3.82222 3.78R 
R denotes a~ obs. *.:.:'~ a la!'ge st. resid. 
Analysis of Variance for LAD 
Source JF Seq 5S Adj 5S Adj M5 F P 
Trial 2 0.930 0.930 0.465 0.38 0.684 
SIr 1 C.OO7 0.084 0.084 0.07 0.794 
-1+ 0.987 0.265 0.265 0.22 0.642 
Trial-SIr 2 2.059 2.059 1.029 0.84 0.432 
Trial *-1- 2 4.459 4.459 2.230 1. 83 0.163 
s/r--I" :.889 3.075 3.075 2.52 0.114 
TrialwS/r--I" '2 2.718 2.718 1.359 loll 0.330 
Er'!"'or 7 ~;~ 248.815 248.815 1.220 
';otal ;i-~ 26:.864 
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Um:sual Cbserva:.!.cns ~cr LAD 
Obs. LAD :it Stdev.Fit Residual St.Resid 
H 4.00000 1.56667 0.31881 2.43333 2.30R 
28 4.00000 1. 62222 0.26031 2.37778 2.22R 
31 4.30000 ;'.31667 0.31881 2.98333 2.82R 
33 4.COOOO 1.54167 0.22543 2.45833 2.27R 
3~ 4.40000 :.37917 0.22543 3.02083 2.79R 
36 3.~000O :.03750 0.22543 2.36250 2.19R 
15~ 3.40000 :.20000 0.26031 2.20000 2.05R 
R cenotes a~ obs. wi~~ a large st. resid. 
AnalysiS of Variance for Punct 
Source DF Seq SS Adj SS Adj MS F P 
T:-ial :; 13.366 13.366 6.683 5.87 0.003 
S/F O. ~ 91 0.350 0.350 0.31 0.580 
-I· 0.102 0.068 0.068 0.06 0.807 
Trial"S/r 2 0.185 0.185 0.092 0.08 0.922 
Trial"'-I"'- 2 0.027 0.027 0.014 0.01 0.988 
S/F"-I" 0.678 0.585 0.585 0.51 0.474 
Trial"S/ro-l. 2 5.773 5.773 2.886 2.54 0.082 
Error 2Ct, ?32.157 232.157 1.138 
Total 215 ~52.780 
Unusual Observations #~ .. .v. Punct 
Obs. PU!1C~ ~:t. Stdev.Fit Residual St.Resid 
66 4.:10000 :.76667 0.25144 2.33333 2.25R 
169 4.20:)00 '-.:3333 0.21776 3.06667 2.94R 
172 S.COCCO 1.76H7 0.25144 3.23333 3.12R 
209 5.COOOC ':.26, '. " 0.25144 3.73889 3.61R 
21C 4.COOOO .. 56667 0.25144 2.43333 2.35R 
215 4.CCOOC :.17~83 0.21776 2.82917 2.71R 
R cenct:es d:l cbs. It!':' :.~ a ':'arge st. • resid. 
Means 
PoL RAD ..... Ph . .... 
Tr;.al Mca~ Stdev Mean Stdev Mean Stdev 
1 :!'.~6:: 0.1536 1. 4917 0.1448 1.5125 0.1227 
:2 : .·V·;'8 0.1881 1.2979 0.1774 0.9479 0.1502 
3 :. t,. HO 0.1330 1.3406 0.1254 0.9844 0.1062 
S/F' 
:.O4~3 0.1305 1.4414 0.1231 1. 4109 0.1042 
2 l. 8t. 35 0.1305 1. 3120 0.1231 0.8856 0.1042 
-I· 
: • 6.?8 9 0.1305 1.4220 0.1231 1.1019 0.1042 
2 :.2;"9 0.1305 1. 3315 0.1231 1.1947 0.1042 
Appendix I - Statistical analysis 206 
Trial"S/F 
1 ~ i. .1:8:; 0.2172 1.7556 0.2048 1.8222 0.1735 
1 2 1.8139 0.2172 1.2278 0.2048 1.2028 0.1735 
2 0.9708 0.2660 1.1458 0.2508 1.2792 0.2125 
2 2 1.9208 0.2660 1.4500 0.2508 0.6167 0.2125 
3 1 ~ . 041 7 0.1881 1.4229 0.1774 1.1313 0.1502 
3 2 1.7958 0.1881 1.2583 0.1774 0.8375 0.1502 
Trial"-/+ 
1 1 1.6222 0.2172 1.5139 0.2048 1.4722 0.1735 
1 2 1. 3000 0.2172 1. 4 694 0.2048 1.5528 0.1735 
2 1 1. 7875 0.2660 1.2958 0.2508 0.8458 0.2125 
2 2 :.1:1,2 0.2660 1. 3000 0.2508 1. 0500 0.2125 
3 1 1. 4771 0.1881 1.4562 0.1774 0.9875 0.1502 
3 2 !.360'; 0.1881 1.2250 0.1774 0.9812 0.1502 
S/F"'-I+ 
- 1 : • 513 9 0.1845 1. 6611 0.1740 1. 3944 0.1474 .. 
1 2 0.5667 0.1845 1.2218 0.1740 1. 4273 0.1474 
2 1 : .74 r,:: 0.1845 1.1829 0.1740 0.8093 0.104 
2 2 :... 9~ :;-, 0.1845 1.4412 0.1740 0.9620 0.1474 
T:'ial'*S/Fw-l+ 
1 ~ 1 :.4833 0.3071 1.8000 0.2896 1. 7667 0.2453 
1 .. 2 0.7333 0.3071 1.7111 0.2896 1.8778 0.2453 , 2 ~ :.76:: 0.3071 1.2278 0.2896 1.1778 0.2453 .. 
1 ;. 2 :.8667 0.3071 1.2278 0.2896 1.2278 0.2453 
2 : .. -""" 0.3761 1.4500 0.3547 1.2833 0.3005 4 • J ,,\#\.
2 2 C • 2·~ -~ -, 0.3761 0.8417 0.3547 1.2750 0.3005 
2 2 . : • S'7 5:: . 0.3761 1.1417 0.3547 0.4083 0.3005 
2 '; 2 :.96f.-; 0.3761 1.7583 0.3547 0.8250 0.3005 
3 :.3:'83 0.2660 1. 7333 0.2508 1.1333 0.2125 
3 2 C.72;'C 0.2660 1.1125 0.2508 1.1292 0.2125 
3 2 1 :.5'158 0.2660 1.1792 0.2508 0.8417 0.2125 
3 2 2 ::'.9958 0.2660 1.3375 0.2508 0.8333 0.2125 
l,AD ..... . .. Punct . ... 
Trial Mc.o;l~ Stciev Mean Stdev 
, 
:.35/1l 0.1302 1. 4 917 0.1257 
:2 !.:~?q6 0.1594 0.9438 0.154C 
3 : .2"!:-3 0.1127 0.9750 0.1089 
S/F 
. 
::. .23-'! 0.1106 1. 094 9 0.1068 . 
2 :.2"/S"! 0.1106 1.'1787 0.1068 
-/-
2.22: 8 0.1106 1.1553 0.1068 
2 l. 2'1t,"/ 0.1106 1.1183 0.1068 
Tr::'al*S/r 
1 : . .;: : : 0.1841 1.4139 0.1778 
1 2 : .291, I, 0.1841 1.5694 0.1778 
2 : • C',?:: 0.2254 0.9458 0.2178 
2 2 : .3f.6-' 0.2254 0.9417 0.2178 
3 ~ .2Hg~; 0.1594 0.9250 0.1540 
3 2 : • ~ !:;: 0.1594 1. 0250 0.154C 
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Trial"-/'" 
1 ~ 1. 4l 91, 0.1841 1.5139 0.1778 
1 2 1.2861 0.1841 1. 4 694 0.1778 
2 . 1.24: 7 0.2254 0.9458 0.2178 
-
2 2 :.1375 0.2254 0.9417 0.2178 
3 1.0C4? C .1594 1.0063 0.1540 
3 2 :;'.4601: 0.1594 0.9438 0.1540 
S/F"-/+ 
. 1 :.3255 0.1564 1.1676 0.1511 
-
:2 1.15~O 0.1564 1. 0222 0.1511 
2 1 1.1:8: 0.1564 1.1431 0.1511 
:2 2 1. 4394 0.1564 1.2144 0.1511 
Trial"S/F*-/ .. 
1 : , 1.6222 0.2603 1.2611 0.2514 ... 
1 1 2 ~,,200C 0.2603 1.5667 0.2514 
1 2 1 '...2: 6-1 0.2603 1. 7667 0.2514 
1 2 2 !. ,,3 /~~2 0.2603 1.3722 0.2514 
2 ! ~ ... ' ~ .. ".J .. C I 0.3188 1.1083 0.3080 
2 2 ::.7::83 0.3188 0.7833 0.3080 
2 ;1 1 : .166': 0.3188 0.7833 0.3080 
2 2 2 : ,,5E6~ 0.3188 1.1000 0.3080 
3 
-
~,,03 i:, 0.2254 1.1333 0.2178 
3 
-
2 :.5~·,7 0.2254 0.7167 0.2178 
3 :2 1 :.9iOS 0.2254 0.8792 0.2178 
3 '2 2 1. 37 9" ::.2254 1.1708 0.2178 
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Experiment 2 
ANOVA 'PP1/l'-'AP1/3' 
Factor '!'ype Levels Values 
SF fixed 2 1 2 
TONALITY fixec ::1 1 2 
TYPE fixed 3 1 2 3 
Analysis of Varia:o:ce fnr ?Pl/1 
Source DF' SS MS F P 
SF , 4.694 4.694 4.57 0.043 . 
TONALITY 1 6.250 6.250 6.08 0.021 
TYPE 2 1.500 0.750 0.73 0.492 
SF"TONALITY 0.250 0.250 0.24 0.626 
SF "TYPE ::1 0.056 0.028 0.03 0.973 
TONALITY"':'YP2 ') 0.167 0.083 0.08 0.922 
SF*TONALITY"TYP~ ;; 1.167 0.583 0.57 0.574 
Error 2', 24.667 1.028 
Total 3'- 38.750 
Analysis of Va:-ia:o:ce ~n; APl/l 
Sou:-ce !)~ SS MS F P 
SF 5.4444 5.4444 11.53 0.002 
TONALITY 2.7778 2.7778 5.88 0.023 
TYPE -; 1.0556 0.5278 1.12 0.343 
SF*TONALI':'Y 1. 0000 1.0000 2.12 0.159 
SF"TYPE ') 0.3889 0.1944 0.41 0.667 
TONALITY*':'Y?E '? 0.0556 0.0278 0.06 0.943 
SF*TONAL!TY·TYP~ ~ 1.1667 0.5833 1.24 0.309 
Error 2"; 11.3333 0.4722 
To~al 3-: 23.2222 
Analysis of Vari a~'ce ~" :" ?Pl/2 
Source J,' SS MS F P 
SF :0.0278 10.0278 12.89 0.001 
TOKALITY 0.0278 0.0278 0.04 0.852 
TYPE ') 0.3889 0.1944 0.25 0.781 
SF*'rONA1!TY 1.3611 1.3611 1. 75 0.198 
SF*TYPE ') 0.3889 0.1944 0.25 0.781 
TONALITY*:Y?2 ? 3.3889 1. 6944 2.18 0.135 
SF*TONALITY"TYP? ') 5.3889 2.6944 3.46 0.048 
Error 21, "..8.6667 0.7778 
Total 3:: 39.6389 
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Analysis c·~ ,. Var':a~ce ~cr APl/2 
Source D? SS MS F P 
SF 17.3611 17.3611 20.83 0.000 
TONALITY 0.2500 0.2500 0.30 0.589 
TYPE 2 2.0000 1.0000 1.20 0.319 
SF-TONALITY , 0.2500 0.2500 0.30 0.589 
SF*TYPE 2 1. 5556 0.7778 0.93 0.407 
TONALITY*TY?E 2 0.6667 0.3333 0.40 0.675 
SF-TONALITY*TYPE 2 8.6667 4.3333 5.20 0.013 
Error 24 20.0000 0.8333 
Total 35 50.7500 
Analysis ot Variance fer PPl/3 
Source n? SS MS F P 
SF 0.444 0.444 0.32 0.577 
TONALITY 9.000 9.000 6.48 0.018 
TYPE ? 15.167 7.583 5.46 0.011 
SF"TONAL!TY 0.000 0.000 0.00 1. 000 
SF*TYPE /. 2.722 1.361 0.98 0.390 
TONALITY*'!'Y?::: , 2.167 l.083 0.78 0.470 
SF*TONALITY*TYP~ /. 2.167 l.083 0.78 0.470 
Error 2t. 33.333 1.389 
Tot-al 3~ 65.000 
Ana':'ys!s o~ '/ari ar.ce :" ~} :: APl/3 
Source :F SS MS F P 
SF 0.444 0.444 0.22 0.646 
TONALITY '/.111 7.111 3.46 0.075 
TYPE ;; 6.167 3.083 1.50 0.243 
SF"TONALITY 1.778 1.778 0.86 0.362 
SF*TYPE 2 1. 056 0.528 0.26 0.776 
TONAL!TY*'!Y!>!: i. 3.389 1. 694 0.82 0.451 
SF·TONALI~Y·TYP~ :< ::.722 0.361 0.18 0.840 
Error 2t. 49.333 2.056 
Tot-al 35 70.000 
MEANS 
SF N P?:/l liP: /", ?Pl/2 APl/2 PPl/3 AP1/3 
, 18 6.::556 7.333: 6.2222 7.7778 6.3889 7.2222 ... 
2 18 6. i 178 8 ','" • 4o • ..:. 5.:667 6.3889 6.6111 7.4444 
TONALITY :J ?P:/: API/l PPll2 APl/2 PPl/3 APl/3 
1 18 6.8333 9.OeOO 5.6667 7.1667 7.0000 7.7778 
2 :8 6.C::C ' .H4~ 5.7222 7.0000 6.0000 6.8889 
TYPE N ?PI/: ;II,?: /', ?P1/2 APl/2 PPl/3 APl/3 
1 12 6.666',' ~i • g.~ ~'; 5.5933 6.7500 6.5833 7.0833 
2 :2 " I!." ,-c. t_O. "J. '/ ~c=~ ;,.6667 7.2500 7.2500 7.9167 
3 12 6.166', .., .5:~~ ::.8333 7.2500 5.6667 7.COOO 
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SF TONAL:7~ N 
=. :!. 9 
??l/J 
6.5556 
AP1/1 
7.7778 
6.8889 
8.2222 
8.0000 
PPl/2 AP1/2 
6.0000 7.7778 
6.4444 7.7778 
5.3333 6.5556 
5.0000 6.2222 
PP1/3 
6.8889 
5.8889 
7.1111 
6.1111 
APl/3 
7.4444 
7.0000 
8.1111 
6.7778 
:!. 2 9 5.5556 
219 
2 ? 9 
7.1111 
6.444'-
SF TYPE t\ 
1 1 6 
1 2 6 
1 3 6 
2 
2 
2 
1 6 
2 6 
3 6 
6.3333 
6.0000 
5.8333 
7.0000 
6.8333 
6.5000 
A?l/l 
7.6667 
7.3333 
7.0000 
PP1/2 
6.0000 
6.3333 
6.3333 
8.16675.1667 
8.1667 5.0000 
8.COOO 5.3333 
AP1/2 
7.5000 
7.6667 
8.1667 
6.0000 
6.8333 
6.3333 
PP1/3 AP1/3 
6.6667 7.0000 
7.3333 8.0000 
5.1667 6.6667 
6.5000 
7.1667 
6.1667 
7.1667 
7.8333 
7.3333 
TONALITY TYPE N PPl/l AP1/1 PP1/2 APl/2 PPl/3 APl/3 
. 
... 1 6 
2 (, 6.8333 
8.1667 
8.0000 
7.8333 
7.6667 
7.5000 
7.~667 
5.1667 7.0000 
5.6667 7.1667 
6.1667 7.3333 
6.0000 6.5000 
5.6667 7.3333 
5.5000 7.1667 
6.8333 
7.6667 
6.5000 
6.3333 
6.8333 
4.8333 
7.1667 
8.3333 
7.8333 
7.0000 
7.5000 
6.1667 
2 
2 
2 
3 f. 
1 b 
2 6 
3 (, 
c.6f:6"~ 
6.33::3 
SF TONAL1':'Y T~?f ~ ?P1/~ 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
') 
2 
2 
2 
2 3 
3 :; 
_ 3 
2 3 
:; 3 
_ 3 
;; :l 
... ,} 
_ :; 
;; 3 
3 3 
"'.OOCO 
0.3333 
".3333 
·~.6667 
::.6667 
.~. 3333 
','. ~333 
.... ,..""" 
. • ., .... ...,v 
fl.3333 
I' ""''''' <:. ,"V"" V
ANOVA 'PP1/4'-'AP1/6' 
APl/l 
8.3333 
7.6667 
7.3333 
7.0000 
7.0000 
6.6667 
8.0000 
8.3333 
8.3333 
8.3333 
8.0000 
7.6667 
Fac~or 
SF 
:ype :,c;~ve; s Va 1 t:e s 
f!.xed 
TONAL!7Y fixeo 
TYPF. ~:xed 
.' 
1 
2 
2 
2 
Analysis ct Va:~ft~ce :a~ ??1/4 
Source 
SF 
TONALI':'Y 
TY?~ 
SF"':'CNAI..r,=y 
SF*TYPE 
TONALITY*':r':!?E 
SFw!ONALI7Y"T':!?~ 
Error 
T01:al 
;; 
? 
') 
21, 
3.:: 
SS 
0.444 
1. 778 
C.167 
::'.000 
2.056 
-:.722 
3.167 
38.667 
49.000 
PPl/2 AP1/2 
5.0000 7.0000 
6.0000 
7.0000 
7.0000 
6.6667 
5.6667 
5.3333 
5.3333 
5.3333 
5.0000 
4.6667 
5.3333 
3 
MS 
0.444 
1. 778 
0.083 
1. 000 
1.028 
0.861 
1.583 
1.611 
7.6667 
8.6667 
8.0000 
7.6667 
7.6667 
7.0000 
6.6667 
6.0000 
5.0000 
7.0000 
6.6667 
F 
0.28 
1.10 
0.05 
0.62 
0.64 
0.53 
0.98 
PP1/3 
6.6667 
7.6667 
6.3333 
6.6667 
7.0000 
4.0000 
7.0000 
7.6667 
6.6667 
6.0000 
6.6667 
5.6667 
P 
0.604 
0.304 
0.950 
0.439 
0.537 
0.593 
0.389 
APl/3 
7.0000 
8.0000 
7.3333 
7.0000 
8.0000 
6.0000 
7.3333 
8.6667 
8.3333 
7.0000 
7.0000 
6.3333 
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Analysis of 'Iar:a:1C0 :c:- A?1/4 
50urce Dr 55 MS F P 
SF 0.111 0.111 0.07 0.797 
TONALITY' 2.778 2.778 1. 69 0.205 
TY'PE 2 0.500 0.250 0.15 0.859 
SF*TONALI':'Y :. 0.444 0.444 0.27 0.607 
SF"TYPE 2 2.389 1.194 0.73 0.493 
TONALITY*TY?E 2 1. 722 0.861 0.53 0.598 
SF"TONALI~Y*TY'PE '- 2.722 1.361 0.83 0.448 
Error 21, 39.333 1. 639 
To~al 35 50.000 
Analysis ef Varia:1ce ~c: PP1/S 
Source "'., j,J: 55 MS F P 
SF 12.250 12.250 5.58 0.027 
TONALITY 0.694 0.694 0.32 0.579 
TY'PE '- 9.389 4.694 2.14 0.140 
SF*':'ONALI':'~ 56.250 56.250 25.63 O.COC 
SF*TYPE ') 3.167 1.583 0.72 0.496 
TONALI Tl.''''''l'YPE ') 7.722 3.861 1. 76 0.194 
5F*TONAL!!Y"TYPt 
" 
18.167 9.083 4.14 O. C29 
Errer 2 : 52.667 2.194 
To~al 3:: 160.306 
Analysis c~ '/ar: aroce ~C!"' AI'1/5 
Source ~;. S5 MS F P 
SF 
-
20.250 20.250 6.39 O.C18 
TONAL!TY 0.694 0.694 0.22 0.644 
TYPE .' 16.222 8.111 2.56 0.098 
SF*TONALI:'Y 56.250 56.250 17.76 O.OCO 
SF*':'Y'?E ~ 2.000 1.000 0.32 0.732 , 
TONALIT'l'*'l'Y?Z ') 10.889 5.444 1.72 0.201 
SF"TO~ALI;Y·~YPF ? :'2.667 6.333 2.00 0.157 
Errer 2 1, 76.000 3.167 
To-:.al 3:; ; 94.972 
Analysis "~ Var~a~ce I ~:r ?P1/6 
Source J~' SS MS F P 
5F 2.778 2.778 0.69 0.413 
TONALITY :1.111 11.111 2.78 0.109 
TYPE ; ~.389 0.194 0.05 0.953 SF"TO}lALI';'Y 18.778 18.778 4. 69 0.040 SF*'l''l'PE ') '/.722 3.861 0.97 0.395 
TOr\AL I TY * 'l'Y !'E ') . :2.056 6.028 1.51 0.242 
SF*TO~A:,!~1y.~yp~ ~ C.722 0.361 0.09 0.914 , 
Er:-or 21, 96.00C 4.000 
Tot.al 35 1';9.556 
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Analys!s D~ Varia~ce ~Dr AP1/6 
Source 
SF 
TONALITY 
TYPE 
SF*TONALITY 
SF*TYPE 
TONALITY*:Y?E 
SFwTONALITywTYPF 
Error 
Tot.al 
MEANS 
OF 
2 
2 
:1 
2 
24 
3:: 
SS 
1. 361 
12.250 
1.722 
20.250 
5.056 
9.500 
0.167 
96.000 
146.306 
MS 
1.361 
12.250 
0.861 
20.250 
2.528 
4.750 
0.083 
4.000 
F P 
0.34 0.565 
3.06 0.093 
0.22 0.808 
5.06 0.034 
0.63 0.540 
1.19 0.322 
0.02 0.979 
SF N PP:!4 ~?l/~ ?P:/S AP1/S PP1/6 AP1/6 
1 18 6.0556 '.9~C~ 2.5556 3.2778 5.6111 6.4444 
2 18 6.2778 8.:55~ 3.7222 4.7778 6.1667 6.8333 
TONALITY N PP:/4 A?1/4 
1 18 6.3889 8.2778 
2 ~8 5.9~4~ 7.7222 
PP1/S AP1/5 PP1/6 AP1/6 
3.0000 4.1667 6.4444 7.2222 
3.2778 3.8889 5.3333 6.0556 
TYPE N 
1 12 
2 12 
3 12 
?P1/4 
6.083:; 
6.25C: 
A?~/t, 
8.0833 
8.0833 
"'.8333 
PP115 AP115 PP1/6 
3.5000 4.5833 5.7500 
3.5000 4.4167 6.0000 
2.1,167 3.0833 5.9167 
APl/6 
6.3333 
6.7500 
6.8333 
SF !ONALI7Y ~ 
1 9 
2 
2 
2 9 
9 
2 9 
:'?: II, 
6.t,~t,1, 
!l.666· 
6.3333 
6.227.::1 
AP1/4 
8.:111 
7.7778 
8.441,4 
7.6667 
PPl/5 APl/5 PPl/6 
3.6667 4.6667 6.8889 
1.4444 1.8889 4.3333 
2.3333 3.6667 6.0000 
5.1111 5.8889 6.3333 
APl/6 
7.7778 
5.1111 
6.6667 
7.0000 
SF TYPE !\ 
116 
126 
136 
21.6 
226 
2 3 E 
?Pl/r, 
5.8333 
6.3333 
6.166-! 
6.6667 
6.CCCC 
TOKAL!'!'Y ':'Y:'E :-. 
! 1 £: 
1 2 6 
1 3 6 
2 :;. 6 
2 2 6 
2 3 6 
.fI.";? ~ /4 
B. : 66"/ 
'!. H67 
8.:C~C 
8.:~CC 
",'.666", 
,. .. r,. I 
0._'0'0 
~. 66c": 
6.3333 
5.8333 
?Pl/5 
3.3333 
2.6667 
::'.6667 
3.6667 
4.3333 
3.1667 
APll5 
4.0000 
3.3333 
2.5000 
5.1667 
5.5000 
3.6667 
APl/4 PPl/5 
8.6667 4.0000 
8.1667 3.1667 
8.0000 1.8333 
7.5000 3.0000 
8.0000 3.8333 
7.6667 3.0000 
PPl/6 A?1/6 
4.8333 5.6667 
6.1667 7.0000 
5.8333 6.6667 
6.6667 7.0000 
5.8333 6.5000 
6.0000 7.0000 
AP1/S PPl/6 
5.5000 6.3333 
4.1667 5.8333 
2.8333 7.1667 
3.6667 5.1667 
4.6667 6.1667 
3.3333 4.6667 
APl/6 
7.0000 
6.6667 
8.0000 
5.6667 
6.8333 
5.6667 
SF TONAL!~Y TY?~ ~ ~?1/4 APl/4 PP1/S APl/5 
8.3333 5.6667 6.6667 
?Pl/6 
6.0COO 
6.6667 
8.0000 
3.6667 
5.6667 
APl/6 
7.0000 
7.6667 
8.6667 
4.3333 
6.3333 
1 _ 3 ~.3333 
2 ~ 1i.3333 
1 
::. 
1 
2 
2 
3 3 f:.f:667 
~ ::.&66 7 
/. _ ~.3333 
8.0000 
8.000C 
8.COOO 
7.3333 
4.0000 4.6667 
1.3333 2.6667 
1.0000 1.3333 
1.3333 2.0000 
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SF TONAL!'!'Y TYPE :-.; ??:!.14 APl/4 PPl/5 APl/5 ?Pl/6 AP1/6 (Continued) 
:. '2 j j 6.:00: 8.0000 2.0000 2.3333 3.6667 4.6667 
2 1 1 3 6.6667 9.0000 2.3333 4.3333 6.6667 7.0000 
2 1 2 3 6.0000 8.3333 2.3333 3.6667 5.0000 5.6667 
2 
-
3 3 6.3333 8.0000 2.3333 3.0000 6.3333 7.3333 
2 2 1 3 5.6667 7.0000 5.0000 6.0000 6.6667 7.0000 
2 2 2 3 7.3333 8.6667 6.3333 7.3333 6.6667 7.3333 
2 2 3 3 5.6667 7.3333 4.0000 4.3333 5.6667 6.6667 
ANOVA 'PP2/1'-'AP2/3' 
Factor Type Levels Values 
SF fixed 2 1 2 
TONALITY fixeci 2 1 2 
TYPE fixed 3 1 2 3 
Analysis of Variance fer ??211 
Source r,," SS MS F P J. 
SF 25.000 25.000 21.43 0.000 
TONALITY 11.111 11.111 9.52 0.005 
TYPE ;; 22.167 11.083 9.50 0.C01 
SF"TCNAL!~'f 1.000 1.000 0.86 0.364 
SF"TYPE ,; 6.500 3.250 2.79 0.082 
TONALITY"Tyn :< 2.056 1.028 0.88 0.427 
SF"'l'ONALITY *TYPL' '; 2.167 1.083 0.93 0.409 
Error 2(. 28.000 1.167 
Tocal 3.: 98.000 
Ana;ysis of Varia:1ce f'o:' AP2/1 
Source ;)~ SS MS F P 
SF 20.250 20.250 19.70 0.000 
TONALITY 0.250 0.250 0.24 0.626 
TYPE ;( 26.056 13.028 12.68 0.000 
Sr*'!'ONA~!':""::' 3.361 3.361 3.27 0.083 
SF*TYPE -; 3.167 1.583 1.54 0.235 
TONALITY*T'f?E 2 3.167 1.583 1.54 0.235 
SF*TONA!.ITY"T'fP~· .2 0.722 0.361 0.35 0.707 
Error ';1. 24.667 1.028 
TOl:al 35 81.639 
AnaJ.ysis c~ Var:a:1ce ~'!: ~ ??2I2 
Source ~F SS MS F P 
SF ~C.0278 10.0278 12.89 O.CC:' 
TONI,LI!Y 0.0278 0.0278 0.04 0.852 
TYPE ; 3.1667 1.5833 2.04 0.:'53 
SF"TONALI':"'f 8.0278 8.0278 10.32 0.004 
SF'"'?YPE :1 2.7222 1.3611 1. 75 0.195 
TONl,LITY*: Y?:' ~ 0.3889 0.1944 0.25 0.781 
SF*TONALI7Y'"'TY?E 2 1.7222 0.8611 loll O.3n 
Error 24 :8.6667 0.7778 
TOl:al 35 «.7500 
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Ana2.ys!s c~ 'Jar:'a:1ce ~ ~!r A';>2/2 
Sou::-ce D:' 55 MS F P 
SF 
-
13.444 13.444 8.80 0.007 
TONALITY 2.778 2.778 1.82 0.190 
TYPE :2 6.500 3.250 2.13 0.141 
SF*TONALITY 
-
21.778 21.778 14 .25 0.001 
SF*TYPE 2 8.722 4.361 2.85 0.077 
TONALITY*':YPE :2 0.389 0.194 0.13 0.881 
SF-TONALITY-TYPE 2 1. 722 0.861 0.56 0.576 
Error 2~ 36.667 1.528 
Toeal 35 92.000 
Analysis of Va::-ia::ce ter PP2/3 
Source :F 55 MS F P 
SF 2.250 2.250 0.58 0.454 
TONALITY 1. 361 1.361 0.35 0.560 
TYPE 7 4.222 2.111 0.54 0.588 
SF-TONALI':Y 0.028 0.028 0.01 0.933 
SF*TYPE ;.( 1,.667 2.333 0.60 0.557 
TONALITY*TYPE /. 20.222 10.111 2.60 0.095 
SF-TONALI:Y-TYPF 2 8.222 4.111 1.06 0.363 
Error ::1' 93.333 3.889 
Tot-al 3.~ :3t..306 
Analysis 0:- Varii!.~ce ~~!" fI.'P2/3 
Source fF 55 MS F P 
SF 0.111 0.111 0.05 0.827 
TON}\LITY 2.778 2.778 1.22 0.280 
TYPE. ? 0.389 0.194 0.09 0.918 
SF*':'ONALI'rY ::'.000 1.000 0.44 0.514 
SF*':'YPE 2 L056 2.028 0.89 0.424 
TONALI!Y-!Y?::' ~ 7.056 3.528 1.55 0.233 
SF*TONALI':~"TY?r: ;; 6.500 3.250 1. 43 0.260 
Error 2/. 5t,.667 2.278 
Tot.al 3.) 76.556 
MEANS 
SF N 1'1'2/1 AP21". PP2/2 AP2/2 PP2/3 AP2I3 
::. 18 4.5~OO 5.555f; 3.2222 5.3889 6.8889 8.5556 
2 18 6.:667 7.:550 L2778 6.6111 7.3889 8.6667 
TONALITY ;-.; ?P2/: lIP2/: PP2/2 AP2/2 PP2/3 AP2/3 
. :'8 5.8889 0.3889 3.7778 6.2778 7.3333 8.8889 ... 
2 !R 4.7~,l78 , .. 2222 3.7222 5.7222 6.9444 8.3333 
TYPE N ,'''2/: fI.?;;/' Pi?212 AP2/2 PP2/3 AP2/3 
1 12 6.n6".' I :.::.',,,,, 
..... ~" 01 4.0000 6.5833 7.0833 8.5833 
2 12 5.~OCC 5.8333 3.9167 5.8333 7.5833 8.7500 
3 12 4.5833 5 • 5';L~:; 3.3333 5.5833 6.7500 8.5000 
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SF TONAL!~Y N ??2/: 
1 ' 9 4.8889 
1 2 9 4.1111 
2 _ 9 6.8889 
2 2 9 5.4444 
AP2l1 
5.3333 
5.7778 
7.4444 
6.6667 
PP2/2 AP2/2 PP2/3 AP2/3 
2.7778 4.8889 7.1111 9.0000 
3.6667 5.8889 6.6667 8.1111 
4.7778 7.6667 7.5556 8.7778 
3.7778 5.5556 7.2222 8.5556 
SF TYPE K 
116 
1 2 6 
1 3 6 
216 
2 2 6 
236 
?P2n 
6.1667 
4.0000 
3.3333 
6.6667 
6.0000 
5.8333 
A?2/1 PP2/2 AP2/2 PP2/3 AP2/3 
7.1667 3.8333 6.6667 6.6667 8.3333 
4.8333 3.3333 4.8333 7.8333 9.1667 
4.6667 2.5000 4.6667 6.1667 8.1667 
7.8333 4.1667 6.5000 7.5000 8.8333 
6.8333 4.5000 6.8333 7.3333 8.3333 
6.5000 4.1667 6.5000 7.3333 8.8333 
TONALITY TYPE ~ 
1 1 6 
1 2 6 
1 3 6 
2 ,6 
2 2 6 
23('; 
?P2/: 
6.6667 
5.8333 
5.1f.6"j 
~ . ~,. ... 
c .... C(,1 ' 
r,. ~66'''1 
A """f' "1. \o' vv 
AP2/1 PP2/2 AP2/2 PP2/3 
7.1667 4.1667 7.0000 7.3333 
6.1667 3.8333 6.0000 6.8333 
5.8333 3.3333 5.8333 7.8333 
7.8333 3.8333 6.1667 6.8333 
5.5000 4.0000 5.6667 8.3333 
5.3333 3.3333 5.3333 5.6667 
AP2/3 
8.8333 
8.5000 
9.3333 
8.3333 
9.0000 
7.6667 
SF TO~AL::Y TYPE K 2?2/: AP2/1 PP2/2 AP2/2 
6.3333 3.3333 6.0000 1 l' 3 6.3333 
1 
1 , ... 
2 3 4.3333 5.0000 2.6667 4.3333 
3 3 ~.OOCO 4.6667 2.3333 4.3333 
~ 3 6.0000 8.0000 4.3333 7.3333 
?P2I3 
6.3333 
7.6667 
7.3333 
7.0000 1 
1 
1 
2 
2 
2 
2 
2 
2 
2 2 3 3.6667 
3 3 :7. • 6667 
, 3 7.0000 
4.6667 4.0000 5.3333 8.0000 
4.6667 2.6667 5.0000 5.0000 
AP2I3 
8.3333 
9.6667 
9.0000 
8.3333 
8.6667 
7.3333 
9.3333 
7.3333 
9.6667 
1 
? 
2 
2 
2 3 .• 3333 
3 • <:'3333 
8.0000 5.0000 8.0000 
7.3333 5.0000 7.6667 
7.0000 4.3333 7.3333 
3 6.3333 7.6667 3.3333 5.0000 
~ 3 ~.6667 6.3333 4.0000 6.0000 
3 3 ~.3333 6.0000 4.0000 5.6667 
AN OVA 'PP2/4'-'AP2/6' 
Factor 
SF 
Type Levels Values 
!ixed 
TONALITY !.!.xeci 
TYPE fixeci 
~ 
~ 
1 
1 
2 
2 
2 
Analysis c! Var~a~cc 'c~ ?P2/4 
SOl.:rce 
SF 
TONALITY 
TYPE 
SF*TONALITY 
SF*TYPE 
TONALITY-TYPE: 
SF*TONALIrY-TY?~ 
Error 
Total 
7. 
2;' 
35 
55 
0.1111 
1.COOO 
0.7222 
:3.4444 
:.0556 
0.1667 
0.0556 
9.3333 
25.8889 
3 
MS 
0.1111 
1. 0000 
0.3611 
13.4444 
0.5278 
0.0833 
0.0278 
0.3889 
F 
0.29 
2.57 
0.93 
34.57 
1.36 
0.21 
0.07 
8.3333 
6.0COO 
8.3333 
6.6667 8.3333 
8.6667 9.3333 
6.3333 8.0000 
P 
0.598 
0.122 
0.409 
O.COO 
0.276 
0.809 
0.931 
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Analysis of Va:-ia~ce &or AP2/4 
Source DF SS M5 F P 
SF 5.4444 5.4444 9.33 0.005 
TONALITY 1 0.4444 0.4444 0.76 0.391 
TYPE 2 2.1667 1.0833 1.86 0.178 
SF*TONALITY 13.4444 13.4444 23.05 0.000 
SF*TYPE :2 1.7222 0.8611 1.48 0.249 
TONALITY*TYPE 2 0.3889 0.1944 0.33 0.720 
SF-TONALITY*TYPE 2 0.3889 0.1944 0.33 0.720 
Error 21, 14.0000 0.5833 
To't:al 35 38.0000 
Analysis of Variance !or PP2I5 
Source ~: SS MS F P 
SF 1. 778 1. 778 1.12 0.300 
TONALITY 7.111 7.111 4.49 0.045 
TYPE 'i 2.000 1.000 0.63 0.540 
SF*TONALITY i.:.l11 11.111 7.02 0.014 
SF-TYPE ;; 2.889 1. 444 0.91 0.415 
TONALITY*O::YFE 2 8.222 4.111 2.60 0.095 
SF*TONALITY-~YPF. ;i 2.889 1.444 0.91 0.415 
Error 21; 38.000 1.583 
Total 3:: 74.000 
Analysis of 'Jaria~ce fo: AP2I5 
Source :; :.~ S5 M5 F P 
SF 1.361 1.361 0.92 0.346 
TONALITY 6.250 6.250 4.25 0.050 
TYPE :; 4.222 2.111 1. 43 0.258 
SF*TONALITY 8.028 8.028 5.45 0.028 
SF"TYPE 2 10.889 5.444 3.70 0.040 
TONALITY*':':'?E ~ 12.667 6.333 4.30 0.025 
sr-TONALITY"TYPE :2 6.222 3 .111 2 .11 0.143 
Error 24 35.333 1.472 
Total 3~ 84.972 
Anal.ysis c~ 'Ja!'".:iI~ce I, (!~ ?!?2/6 
Source 'v .J: SS M5 F P 
SF 0.444 0.444 0.13 0.724 
TONALITY 4.000 
·LOOO 1.15 0.294 
TYPE ? :.556 0.778 0.22 0.801 
SF*'1'ONALITY 40.111 40.111 11.55 0.002 
SF"'TYPE "2 24.222 12.111 3.49 0.047 
TONALITY"TY?E 2 6.000 3.000 0.86 0.434 
SF-TONAL!TY"'~YPF / 2.889 1.444 0.42 0.664 
Error 21, 83.333 3.472 
Total 35 :62.556 
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Ana:ysis o~ Va=!a~ce ~O~ AP2/6 
Source 
SF 
TONALITY 
TYPE 
SF*TONALIT~ 
SF*TYPE 
TONALITY*TYPE 
SF*TONALITY-TYPE 
Error 
Total 
MEANS 
2 
1 
2 
2 
2 
24 
35 
SS 
2.778 
13.444 
::'.167 
28.444 
23.722 
3.389 
1. 722 
63.333 
138.000 
MS 
2.778 
13.444 
0.583 
28.444 
11.861 
1. 694 
0.861 
2.639 
F P 
1.05 0.315 
5.09 0.033 
0.22 0.803 
10.78 0.003 
4.49 0.022 
0.64 0.535 
0.33 0.725 
SF N P?2/4 ~?2/!. PP2/5 AP2/5 PP2/6 AP2/6 
1 18 4.8889 5.277H 5.2222 6.2222 5.5000 6.3889 
2 18 5.eeee 6.0556 4.7778 5.8333 5.7222 6.944~ 
TONALITY :Ii 
1 18 
2 18 
?P:2/4 
4.7'778 
A?2/~ ?P2/5 AP2/5 PP2/6 
5.7778 5.4444 6.4444 5.9444 
5.5556 4.5556 5.6111 5.2778 
AP2/6 
7.2778 
6.0556 
TYPE N ?P2/4 AP:2/4 
1 12 ~.0833 ~.7~~: 
2 12 s.oooe ~.9:6: 
3 12 4.750C ~.3]33 
PP2/5 AP2/5 PP2/6 
5.1667 6.4167 5.6667 
5.1667 6.0833 5.8333 
4.6667 5.5833 5.3333 
AP2/6 
6.9167 
6.5000 
6.5833 
SF TONAL:T~ :-; 
1 9 
129 
:'P2/4 
5.666: 
AP2l~ PP2/5 
6.00eO 6.2222 
1;.5556 4.2222 
AP2/5 
7.1111 
5.3333 
PP2I6 AP2/6 
6.8889 7.8889 
4.1111 .; .8889 
2 1 9 4.5556 5.5556 4.6667 5.7778 5.0000 6.6667 
2 2 9 5.41,41. 6.5556 4.8889 5.8889 6.4444 7.2222 
SF TYPE ~: 
116 
1 2 6 
:. j 6 
2 1 f: 
226 
2 3 f: 
PP?II, 
4.8333 
5.166i 
4.6667 
5.3333 
::.8333 
4.833:; 
AP2l4 P?215 
5.:667 5.0000 
5.8333 5.5000 
4.8333 5.1667 
6.3333 5.3333 
6.COOO L8333 
5.8333 4.1667 
AP2/5 PP2/6 AP2/6 
6.0000 6.5000 7.3333 
6.1667 5.8333 6.6667 
6.5000 4.1667 5.1667 
6.8333 4.8333 6.5000 
6.0000 5.8333 6.3333 
4.6667 6.5000 8.0000 
TO~ALITY ~Y?E ~ ?P~/4 
1 
1 
2 
• 6 
2 6 
3 C 
1 f: 
5.3333 
5.166-i 
I; .8333 
2 2 6 4.8333 
2 3 6 I; .666',' 
A?2/4 PP2I5 
6.0000 5.0000 
6.0000 6.1667 
5.3333 5.1667 
5.5000 5.3333 
5.8333 4.1667 
5.3333 4.1667 
AP2/5 PP2/6 AP2/6 
6.5000 6.0000 7.5000 
7.3333 6.6667 7.5000 
5.5000 5.1667 6.8333 
6.3333 5.3333 6.3333 
4.8333 5.0000 5.5000 
5.6667 5.5000 6.3333 
SF TONALITY TYPS N 
. 
... 
1 
. 
. 
2 
2 
_ 3 
2 3 
3 3 
~. 6667 
f.. .... ",..." 
... vvvV 
::',3333 
AP2I4 
6.0000 
6.6667 
5.3333 
1" :)000 4.3333 
.; .3333 5.0000 
PP2/5 AP2/5 
5.0000 6.0000 
7.3333 8.3333 
6.3333 7.0000 
5.0000 6.0000 
3.6667 4.0000 
PP2/6 
8.0000 
8.0000 
~. 6667 
5.0eOO 
3.6667 
AP2/6 
9.0000 
8.6667 
6.0000 
5.6667 
4.6667 
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SF TONAL:TY TYPE N l'?2/4 AP2I4 PP2/5 AP2I5 PP2I6 AP2/6 (Continued) 
1 2 3 3 ~.C~CO 4.3333 4.0000 6.0000 3.6667 4.3333 
2 1 :.. 3 5.0000 6.0000 5.0000 7.0000 4.0000 6.0000 
2 , 2 3 ~.3333 5.3333 5.0000 6.3333 5.3333 6.3333 
2 . 3 3 4.3333 5.3333 4.0000 4. 0000 5.6667 7.6667 . 
2 2 , 3 ::.6667 6.6667 5.6667 6.6667 5.6667 7.0000 
2 ? 2 3 ~.3333 6.6667 4.6667 5.6667 6.3333 6.3333 
2 2 3 3 ::.3333 6.3333 4.3333 5.3333 7.3333 8.3333 
ANOVA 'PP3/1'-'AP3/3' 
Factor Type Levels Values 
SF fixed 2 1 2 
TONALITY fixed 2 1 2 
TYPE fixed 3 , 2 3 ... 
Analysis of Var!a~ce ~cr. ??3/1 
So\:rce ~:.' SS MS F P 
SF 0.6944 0.6944 0.86 0.362 
TONALITY 0.2500 0.2500 0.31 0.583 
TYPE ? 0.0556 0.0278 0.03 0.966 
SF*'!'ONALIT~ 3.3611 3.3611 4.17 0.052 
SF*TYPE ') :".0556 0.5278 0.66 0.528 
TONALITY*:Y?E ;; 1.5000 0.7500 0.93 0.408 
SFwTONALITywTYPS /. 1.3889 0.6944 0.86 0.435 
Error 24 :'9.3333 0.8056 
Total 3:: 27.6389 
Analysis c~ Va,:::' r..;:ce ~ ,~ ~ AP3/1 
Source :~:. SS MS F P 
SF 0.0278 0.0278 0.03 0.861 
TONALITY 0.0278 0.0278 0.03 0.861 
TYPE 2 0.6667 0.3333 0.38 0.691 
SF*TONALIT~ 3.3611 3.3611 3.78 0.C64 
SF*TYPE /. 0.2222 0.1111 0.13 0.883 
TONALITY*TYPE. :; 2.8889 1.4444 1. 62 0.218 
SF*TONALI:ywTY!?F ? 4.2222 2.1111 2.38 0.115 
Error 24 21.3333 0.8889 
Total 3::: 32.7500 
Source J:' SS MS F P 
SF :'.778 1. 778 1.23 0.278 
TONALITY ';.000 4.000 2.77 0.109 
TYPE /. 0.389 0.194 0.13 0.875 
SF*TONALI':''!' 4.000 4.000 2.77 0.109 
SF*TYPE :; 2.389 1.194 0.83 0.449 
TONALITY*TY?E ? 0.500 0.250 0.17 0.842 
SF*TONALI':Y"'!'Y?? ... 0.500 0.250 0.17 0.842 
Error ~ I ~ . 34.667 1.444 
Tot.al J:: 48.222 
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Analysis o~ Varia~ce rc~ A?3/2 
Source DF SS MS F P 
SF 1.0000 1.0000 1.12 0.299 
TONALITY 5.4444 5.4444 6.12 0.021 
TYPE :1 0.0556 0.0278 0.03 0.969 
SF*TONALITY 4.0000 4.0000 4.50 0.044 
SF*TYPE 2 2.1667 0.5833 0.66 0.528 
TONALITY*:'Y2::: 2 0.3889 0.1944 0.22 0.805 
SF*TONALI:,ywTYPE 2 0.1667 0.0833 0.09 0.911 
Error 24 21. 3333 0.8889 
Total 35 33.5556 
Analysis of Variance for PP3/3 
Source :);' SS MS F P 
SF 0.4444 0.4444 0.53 0.472 
TONALITY ::'.0000 1. 0000 1.20 0.284 
TYPE :~ C.2222 0.1111 0.13 0.876 
SF*TONALI'!Y 0.4444 0.4444 0.53 0.472 
5FwT'tPE ;; 0.2222 0.1111 0.13 0.876 
TONALITY*';:Y?!:: ;; 0.0000 0.0000 0.00 1.000 
5F"'TONALITywTYPF ;; 1. 5556 0.7778 0.93 0.407 
Error 21, 2C.OOOO 0.8333 
To'tal 3:- 23.8889 
Analysis of Var,~il~:ce ~(}r AP3/3 
Source D~' 55 M5 F P 
SF 1.0000 1.0000 1.06 0.314 
TONALITY 2.7778 2.7778 2.94 0.099 
TYPE :2 0.3889 0.1944 0.21 0.815 
5Fw'!ONALI'!'Y 0.4444 0.4444 0.47 0.499 
SF*':'YPE ;. 1.5000 0.7500 0.79 0.464 
TONALITY "'!'Y?!: ? 0.3889 0.1944 0.21 0.815 
5~wTONALI~yw7Y?E ? 1.0556 0.5278 0.56 0.579 
Error 24 22.6667 0.9444 
Tot:al 35 3C.2222 
MEANS 
SF N P?3/1 AP3/l ?P3/2 AP3/2 PP3/3 AP3/3 
, 18 S.66oi 6.555C 5.5556 7.7222 5.8333 7.0556 ... 
2 18 5.9t;·H (;.6:; . 6.0000 8.0556 6.0556 7.3889 
TCt\ALITY " ?P3/:;' l\P3/1 P?3/2 AP3/2 PP3/3 AP3/3 .\ 
1 18 5.SHe9 6.5556 6.1111 8.2778 6.1111 7.5000 
2 :8 5.7222 6.6111 5.4444 7.5000 5.7778 6.9444 
TYPE N ??3/: A~" ,-:-,11- ??3/2 AP3/2 PP3/3 AP3/3 
1 12 5.8333 6. ~: 6-; 5.6667 7.9167 6.0000 7.2500 
2 12 5.75C~ 6.5\3:)3 5.7500 7.8333 5.8333 7.0833 
3 12 ~.8333 ~.7~~C 5.9167 7.9167 6.0000 7.3333 
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SF TONALITY N ?P3/: 
1 
2 
_ 9 5.4441, 
2 9 5.8889 
1 9 6.3333 
2 2 9 5.5556 
A?3/1 PP3/2 AP3/2 PP3/3 
6.2222 6.2222 8.4444 5.8889 
6.8889 4.8889 7.0000 5.7778 
6.8889 6.0000 8.1111 6.3333 
6.3333 6.0000 8.0000 5.7778 
AP3/3 
7.2222 
6.8889 
7.7778 
7.0000 
SF TYPE N PP3/1 A?3/1 PP3/2 AP3/2 PP3/3 AP3/3 
1 1 6 5.6667 6.3333 5.6667 8.0000 6.0000 7.3333 
1 
1 
2 
2 
2 
2 6 5.8333 
3 6 5.5CO:: 
1 6 o.COOO 
2 6 5.666; 
3 6 6.1667 
6.5000 5.1667 7.5000 
6.8333 5.8333 7.6667 
6.5:0: 5.6667 7.8333 
6.6667 6.3333 8.1667 
6.6667 6.0000 8.1667 
5.6667 6.6667 
5.8333 7.1667 
6.0000 7.1667 
6.0000 7.5000 
6.1667 7.5000 
TONALITY TYPE N PP3/: 
1 1 (, 5.6667 
1 2 6 5.8333 
AP3/1 PP3/2 AP3/2 PP3/3 AP3/3 
6.COOO 6.1667 8.3333 6.1667 7.6667 
6.8333 6.0000 8.3333 6.0000 7.3333 
2 
2 
2 
3 6 
:'.. 6 
:2 6 
3 6 
6.:667 
6.0C~O 
5.666~ 
5.50:0 
6.8333 6.1667 8.1667 6.1667 
6.8333 5.1667 7.5000 5.8333 
6.3333 5.5000 7.3333 5.6667 
6.6667 5.6667 7.6667 5.8333 
7.5000 
6.8333 
6.8333 
7.1667 
SF TONAL:TY TYPE N 
1 
. 
.. 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 3 
.l 3 
., 3 
2 3 
3 3 
3 
:1 3 
3 3 
_ 3 
2 :; 
3 3 
:?P3/l AP3/1 
;;.3333 5.6667 
PP3/2 
6.6667 
AP3/2 
8.6667 
.s.3333 
;;.6667 
~.CCOO 
6.3333 
;;.3333 
6.0000 
6.3333 
6.6667 
';).6667 
6.0000 5.6667 8.3333 
7.0000 6.3333 8.3333 
7.0000 4.6667 7.3333 
7.0000 4.6667 6.6667 
6.6667 5.3333 7.0000 
6.3333 5.6667 8.0000 
7.6667 6.3333 8.3333 
6.6667 6.0000 8.0000 
6.6667 5.6667 7.6667 
5.6667 6.3333 8.0000 
6.6667 6.0000 8.3333 
PP3/3 
6.0000 
6.0000 
5.6667 
6.0000 
5.3333 
6.0000 
6.3333 
6.0000 
6.6667 
5.6667 
6.0000 
5.6667 
ANOVA 'PP3/4'-'AP3/6' 
Factor 
SF fixed 
TONAL!TY fixed 
TYPE ~ixeci 
, 
... 2 
2 
2 
Analysis of Variance ~or PP3/4 
Source 
SF 
TONALITY 
TYPE 
SF-'!'ONA1,I':Y 
SF*TYPE 
!ONll.LITY"TY?;:: 
SF-TONALITY"TYPt 
Error 
Total 
) 
SS 
2.2500 
61.3611 
0.7222 
23.3611 
0.5000 
:;. .7222 
2.3889 
::'2.6667 
35 :04.9722 
3 
MS 
2.2500 
61.3611 
0.3611 
23.3611 
0.2500 
0.8611 
1.1944 
0.5278 
F P 
4.26 0.050 
116.26 0.000 
0.68 
44.26 
0.47 
0.514 
C.OOO 
0.628 
1.63 0.217 
2.26 0.126 
AP3/3 
7.6667 
7.0000 
7.0000 
7.0000 
6.3333 
7.3333 
7.6667 
7.6667 
8.0000 
6.6667 
7.3333 
7.0000 
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Analysis c~ Varia::ce ~C~ AP3/4 
Source D: SS MS F P 
SF !.3611 1.3611 2.23 0.149 
TONALITY 78.0278 78.0278 127.68 0.000 
TYPE 2 0.5000 0.2500 0.41 0.669 
SF*TONALI!'!' 20.2500 20.2500 33.14 0.000 
SF*TYPE /. 0.0556 0.0278 0.05 0.956 
TONALITY"'-;YPE 2 0.7222 0.3611 0.59 0.562 
SF-TONALITY*TYPE 2 3.1667 1.5833 2.59 0.096 
Error 24 14.6667 0.6111 
Total 35 :!'18.7500 
Analysis of Variance for PP3/5 
Source ;""\: 
.' SS MS F P 
SF 3.3611 3.3611 4. 48 0.045 
TONALITY 2.2500 2.2500 3.00 0.096 
TYPE ? 1. 5556 0.7778 1. 04 0.370 
SF*TONALITY 4.6944 4.6944 6.26 0.020 
SF*TYPE -; 0.2222 0.1111 0.15 0.863 
TONALITY'*7YPE /. 2.0000 1.0000 1.33 0.282 
SF*TONALI!Y*TY?E 2 0.2222 0.1111 0.15 0.863 
Error 2'-: 18.0000 0.7500 
Total 3= 32.3056 
A::alysis C' .. , 'Ia!" ~ ,1 "":ce ~. ~, ~ AP3/5 
Source " .. oJ: SS MS F ? 
SF 0.6944 0.6944 0.89 0.354 
TONAL!TY 1. 3611 1.3611 1. 75 0.198 
TYPE ;? 3.5556 1.7778 2.29 0.::'23 
SF-TONALI'!'!' 6.2500 6.2500 8.04 0.009 
SF*TYPE /. 0.2222 0.1111 0.14 0.868 
TONALITY*TYPE :1 :.5556 0.7778 1. 00 0.383 
SF*TONALI~'!'*TYPF ; 0.6667 0.3333 0.43 0.656 
Error 24 :8.6667 0.7778 
To~al 3~ 32.9722 
Analysis c: lIar I ~1~C0 t {; =- P?3/6 
Source J:' SS MS F P 
SF C.1111 0.1111 0.44 C.511 
TONALITY 7.1111 7.1111 28.44 C.CCO 
TYPE. .- :'.1667 0.5833 2.33 0.119 
SF*TONALITY 0.0000 0.0000 0.00 1. 000 
SF-TYPE. :2 0.3889 0.1944 0.78 0.n1 
TONALITY*:Y?::: , 0.0556 0.0278 0.11 0.895 
SF*TONA~!:Y·TYPE 
" 
0.1667 0.0833 0.33 0.720 
Error 2~ 6.0000 0.2500 
Total 3;: :'5.0000 
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Analysis of Varia~ce ~D~ AP3/6 
Source 
SF 
TONALITY 
TYPE 
SF*TONALI':Y 
SF"TYPE 
TONALITY*TYPE 
SF*TONALI!Y*TYPE 
Error 
Total 
MEANS 
DF 
2 
2 
:2 
24 
35 
SF N P?3/~ A?3/t, 
SS 
0.1111 
7.1111 
:.1667 
0.0000 
0.3889 
0.0556 
0.1667 
6.0000 
15.0000 
MS 
0.1111 
7.1111 
0.5833 
0.0000 
0.1944 
0.0278 
0.0833 
0.2500 
F P 
0.44 0.511 
28.44 0.000 
2.33 0.119 
0.00 1. 000 
0.78 0.471 
0.11 0.895 
0.33 0.720 
?P3/5 AP3/5 PP3/6 AP3/6 
1 18 3.7778 4.5556 7.0556 7.3889 2.7778 3.7778 
2 18 4.2778 ~.9444 7.6667 7.6667 2.8889 3.8889 
TONALITY ~ P?3/t, hP3/' PP3/5 AP3/5 PP3/6 AP3/6 
1:8 5.3333 0.2222 7.6111 7.7222 3.2778 4.2778 
2!8 2.7222 3.2778 7.1111 7.3333 2.3889 3.3889 
TYPE N 
1 12 
2 12 
3 12 
PP3/~ 
4.0833 
4.1667 
3.8333 
A?3/1, 
4.6£:07 
~ .660'" 
t,.9:'6" 
SF TONAL:!Y N ??3/t, 
1 . 9 5.8889 
1 ~ 9 :.6661 
2 - 9 4.'/"178 
2 2 9 3.77/8 
PP3/5 AP3/5 PP3/6 
7.5833 7.7500 2.7500 
7.4167 7.7500 2.6667 
7.0833 7.0833 3.0833 
AP3/6 
3.7500 
3.6667 
4.0833 
AP3/4 
6.7778 
2.3333 
5.6667 
4.2222 
PP3/5 AP3/5 PP3/6 
7.6667 8.0000 3.2222 
6.4444 6.7778 2.3333 
7.5556 7.4444 3.3333 
7.7778 7.8889 2.4444 
AP3/6 
4.2222 
3.3333 
4.3333 
3.4444 
SF TYPE ~ 
, 
... : 6 
PP3/4 11,:'3/4 P!?3/5 
4.;;eOe 7.1667 
AP3/5 PP3/6 AP3/6 
7.5000 2.8333 3.8333 
1 
2 
2 
2 E 3.8333 
3 6 3.5::00 
! 6 4.: 667 
2 6 4.500: 
406667 
4.8333 
';.8333 
7.1667 7.6667 2.5000 3.5000 
6.8333 7.0000 3.0000 4.0000 
8.0000 8.0000 2.6667 3.6667 
7.6667 7.8333 2.8333 3.8333 
2 3 6 4.166' 5.:667 7.3333 7.1667 3.1667 4.1667 
TONALITY ~Y?E N PP3/~ 
1 2 t: 5.::'66; 
1 3 t S.:33:';5 
2 _ C 2.6(;6, 
2 :2 () 3.~66-
AP3/4 PP3/5 
6.3333 8.0000 
6.0000 7.8333 
6.3333 7.0000 
3.0000 7.1667 
3.3333 7.0000 
AP3/5 PP3/6 AP3/6 
8.0000 3.1667 4.1667 
8.1667 3.1667 4.1667 
7.0000 3.5000 4.5000 
7.5000 2.3333 3.3333 
7.3333 2.1667 3.1667 
2 3 r. 2.3333 3.5000 7.1667 7.1667 2.6667 3.6667 
SF TONAL:7Y TYPS ~ PP3/1i AP3/4 
6.6667 
7.0000 
PP3/5 
8.0000 
8.0000 
7.0000 
6.3333 
AP3/5 
8.0000 
8.6667 
7.3333 
7.0000 
PP3/6 
3.3333 
3.0000 
3.3333 
2.3333 
AP3/6 
4.3333 
4.0000 
4.3333 
3.3333 
, 
... 
::. 
1 
, 
... 
. :; 
2 3 
:: 3 
:; 
6.:~CO 
:.6667 6.6667 
2.3333 
2 3 :.6667 2.0000 6.3333 6.6667 2.0000 3.0000 
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SF TONAL:!:':'':' '!'YPE ~ ?P3/4 AP3/4 PP3/5 AP3/5 PP3/6 AP3/6 (Continued) 
, 2 :; 3 : .3333 2.6667 6.6667 6.6667 2.6667 3.6667 ... 
2 .. 1 3 5.000C 6.0000 8.0000 8.0000 3.0000 4.0000 
2 2 3 4.3333 5.0000 7.6667 7.6667 3.3333 4.3333 
2 3 3 S.OCOO 6.0000 7.0000 6.6667 3.6667 4.6667 
2 2 .. 3 3.3333 3.6667 8.0000 8.0000 2.3333 3.3333 
2 ... 2 3 4.6667 4.6667 7.6667 8.0000 2.3333 3.3333 
2 2 3 3 3.3333 .; .3333 7.6667 7.6667 2.6667 3.6667 
ANOVA 'PP4/1'-'AP4/3' 
Factor Type Levels Values 
SF fixed 2 . 2 ... 
TONALITY fixed 2 , 2 ... 
TYPE. fixed :: :. 2 3 
Analysis c~ Va~:a~ce ~~! !" ??4/1 
Source ~:. SS MS F P 
SF 72.2500 72.2500 83.90 0.000 
TONALITY 0.2500 0.2500 0.29 0.595 
TYPE ') :'.7222 0.8611 1.00 0.383 
Sr"'!'ONA!,I'!Y 2.2500 2.2500 2.61 0.119 
SF"TYPE ;; 3.1667 1.5833 1.84 0.181 
TONALITY"':'':'?::: 2 1.5000 0.7500 0.87 0.431 
SF"TONALI':'Y-TYPf ;. 6.5000 3.2500 3.77 0.C38 
Errcr 2 /, 20.6667 0.8611 
Total 3~ 108.3056 
Anal.ysis c-: Va r;.a~ce ~ c ~ A?4/1 
Source D,. SS MS F P 
SF 75.111 75.111 65.95 O.CCO 
TONALI'!'Y :.778 1. 778 1.56 0.224 
TYPE ~ 0.889 0.444 0.39 0.681 
SF-TONALITY :.778 1.778 1.56 0.224 
SF*TYPE .7 6.889 3.444 3.02 0.067 
TONALITY"TYPE ') 4.222 2.111 1.85 0.178 
SF*TONALI~Y·TYPF. ;; :.556 0.778 0.68 0.515 
Error 2~ 27.333 1.139 
Total 3:: ~19.556 
Analysis c: Va"':; i3:~ce t" .,.,. ?P1l2 
Sou:-ce :1,· SS MS F P 
SF 2.7778 2.7778 4.76 0.039 
TONALITY 2.7778 2.7778 4.76 0.C39 
Tvn·· 
•• J:.. "2 0.1667 0.0833 0.14 0.868 
SF*TONALI':'Y 0.1111 0.1111 0.19 0.666 
SF*TYPE .., 0.0556 0.0278 0.05 0.954 "-
TONALITY*:'-YPE ; 0.0556 0.0278 0.05 0.954 
SF*TONALITY-7YPF .' 1.0556 0.5278 0.9C 0.418 
Error 2(, 14 .0000 0.5833 
1'f'I", __ , 
... "' ... c_ :; : 2:.0000 
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Analysis c! 'Jar!.a~ce ;,,'!'" AP4/2 
Source D? SS MS F P 
SF ~ 1. 7778 1.7778 3.37 0.079 
TONALITY , 1. 7778 1. 7778 3.37 0.079 
TYPE :2 0.1667 0.0833 0.16 0.855 
SF*TONALITY 0.1111 0.1111 0.21 0.650 
SF"'TYPE 2 0.0556 0.0278 0.05 0.949 
TONALITy*npE 2 0.0556 0.0278 0.05 0.949 
SF*TONALITY-TypE 2 0.3889 0.1944 0.37 0.696 
Error 24 12.6667 0.5278 
Total ,.,,:, ::'7.0000 
Analysis of Variance for 1'1'4/3 
Source :);.' SS MS F P 
SF 21. 778 21.778 8.52 0.008 
TONALITY 4.000 4.000 1.57 0.223 
TYPE '} 2.167 1.083 0.42 0.659 
SF"'TONA:'I':'Y 7 .111 7 .111 2.78 0.108 
SF*TypE ;; 7.389 3.694 1.45 0.255 
TONALITY*':'Y?F.: ;. 11.167 5.583 2.18 0.134 
SF"'TONALI~~"'~YPE .' 5.056 2.528 0.99 0.387 
Error 2/. 61.333 2.556 
Total 3::- :'20.000 
Analysis c! Varia:':ce :0:- A1'413 
Source D?' SS MS F P 
SF 8.028 8.028 3.57 0.071 
TONALITY 6.250 6.250 2.78 0.109 
TYPE ') 2.056 1.028 0.46 0.639 
SF"'TONALI'rY 8.028 8.028 3.57 0.071 
SF*TypE / 2.722 1.361 0.60 0.554 
TONALITY*'!'Y?E ;; 6.500 3.250 1.44 0.256 
SF*:ONALITY·TYP~ 7. 3.389 1.694 0.75 0.482 
Error 24 54.000 2.250 
Total 3':: 90.972 
MEANS 
SF N PP4t:!. A?41" P?412 A1'4/2 1'1'4/3 Ap4/3 
1 18 3.7222 ::.4";1,1. 3.5556 4.6111 5.5556 7.5000 
2 18 6.:::;56 8.333~ 1,.::'11 5.0556 7.1111 8.4444 
,!O~l\L!TY X P?':I; ,\Pt;/l 1'1'4/2 1>.1'4/2 1'1'4/3 1>.1'4/3 
1 :'..8 5.2;;/.2 " .l:~~ 4.1111 5.0556 6.6667 8.3889 
2 :8 5.:::556 !;.6667 3.5556 4.6111 6.0000 7.5556 
TYPE N ?P4/: APi;I: ??412 A1'4/2 P1'4/3 1>.1'4/3 
. 12 4.833:: 6.666" 3.7500 4.9167 6.2500 7.6667 ... 
2 12 5.25CC -'. ~C~~ 3.9167 4.8333 6.6667 8.2500 
3 12 5.3333 !.~~:~ 3.8333 4.7500 6.0833 8.0000 
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SF TONALITY N ?P4/! AP4/1 PP4/2 AP4/2 PP4/3 
1 1 9 3.5556 5.4444 3.8889 4.8889 5.4444 
1 2 9 3.8889 5.4444 3.2222 4.3333 5.6667 
2 1 9 6.8889 8.7778 4.3333 5.2222 7.8889 
2 2 9 6.2222 7.8889 3.8889 4.8889 6.3333 
AP4/3 
7.4444 
7.5556 
9.3333 
7.5556 
SF TYPE N PP4/1 
1 1 6 3.8333 
1 2 6 3.6667 
1 3 6 3.6667 
A?4/1 
5.8333 
5.1667 
5.3333 
PP4/2 AP4/2 PP4/3 AP4/3 
3.5000 4.6667 5.8333 7.5000 
3.6667 4.6667 6.1667 7.8333 
3.5000 4.5000 4.6667 7.1667 
2 1 6 5.8333 7.5000 4.0000 5.1667 6.6667 7.8333 
2 2 6 6.8333 8.8333 4.1667 5.0000 7.1667 8.6667 
2 3 6 7.0000 8.6667 4.1667 5.0000 7.5000 8.8333 
TONALITY TYPE N PP4/1 
5.1667 
5.3333 
1 1 6 
1 2 6 
1 3 6 5.1667 
2 
2 
2 
1 6 4.50::: 
2 6 5.1667 
3 6 5.50:: 
AP4/1 PP4/2 AP4/2 PP4/3 AP4/3 
7.3333 4.0000 5.1667 7.3333 8.6667 
7.1667 4.1667 5.0000 6.8333 8.5000 
6.8333 4.1667 5.0000 5.8333 8.0000 
6.0000 3.5000 4.6667 5.1667 6.6667 
6.8333 3.6667 4.6667 6.5000 8.0000 
7.1667 3.5000 4.5000 6.3333 8.0000 
SF TONAL:TY TV~~ N 
1 ~ 1 3 
1 
2 
:2 
:2 
1 
2 3 
3 3 
1 3 
2 3 
3 3 
1 3 
2 3 
??4/::. 
3.3333 
3.6667 
3.6667 
1,.3333 
3.6667 
3.6667 
7.0000 
7.0000 
AP4/1 PP4/2 AP4/2 
6.0000 4.0000 5.0000 
PP4/3 
6.0000 
5.3333 4.0000 5.0000 6.3333 
5.0000 3.6667 4.6667 4.0000 
5.6667 3.0000 4.3333 5.6667 
5.0000 3.3333 4.3333 6.0000 
5.6667 3.3333 4.3333 5.3333 
8.6667 4.0000 5.3333 8.6667 
9.0000 4.3333 5.0000 7.3333 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
. 
-
2 
2 
:2 
3 3 6.6667 8.6667 
1 3 4.6667 6.3333 
:2 3 6.6667 8.6667 
3 3 7.3333 8.6667 
4.6667 5.3333 7.6667 
4.0000 5.0000 4.6667 
4.0000 5.0000 7.0000 
3.6667 4.6667 7.3333 
ANOVA 'PP4/4'-'AP4/6' 
Fact.or 
SF 
TONALITY 
TYPE 
Type ~evels Values 
fixed 2 1 
fixed :2 1 
fixed 3 1 
2 
2 
2 
Analysis of Variance ~~r PP4/4 
Source 
SF 
TONALITY 
TYPE 
SF*TONALITY 
SF*'!'YPE 
TONALITY*T'::'PE 
SF*TONALI'rY-TY?E 
Error 
Total 
2 
1 
:2 
2 
2 
24 
3~ 
SS 
1. 778 
1. 778 
1.167 
7.111 
0.389 
2.056 
7.722 
38.000 
60.000 
3 
MS 
1. 778 
1. 778 
0.583 
7.111 
0.194 
1.028 
3.861 
1.583 
F P 
1.12 0.300 
1.12 0.300 
0.37 0.696 
4.49 0.045 
0.12 0.885 
0.65 0.531 
2.44 0.109 
AP4/3 
7.6667 
8.0000 
6.6667 
7.3333 
7.6667 
7.6667 
9.6667 
9.0000 
9.3333 
6.0000 
8.3333 
8.3333 
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Analysis of Variance fo:- AP4/4 
Source DF 55 MS F P 
SF , 0.444 0.444 0.36 0.552 ... 
TONALITY 1 0.444 0.444 0.36 0.552 
TYPE 2 2.389 1.194 0.98 0.391 
SF'*TONALITY 1 7.111 7.111 5.82 0.024 
SF'*TYPE 2 0.389 0.194 0.16 0.854 
TONALITY'*TYPE 2 5.056 2.528 2.07 0.148 
SF'*TONALITY'*TYPE 2 9.056 4.528 3.70 0.040 
Error 24 29.333 1.222 
Total 35 54.222 
Analysis of Variance for PP4/5 
Source DF 55 MS F P 
SF 1 23.361 23.361 16.49 0.000 
TONALITY :. 8.028 8.028 5.67 0.026 
TYPE 2 2.056 1.028 0.73 0.494 
SF'*TONALITY . 3.361 3.361 2.37 0.137 
-
SF'*TYPE 2 0.056 0.028 0.02 0.981 
TONALITY'*TYPE 2 0.722 0.361 0.25 0.777 
SF'*TONALITY'*TYPE 2 0.722 0.361 0.25 0.777 
Error 24 34.000 1.417 
Total 35 72.306 
Analysis of Variance for AP4I5 
Source DF 55 MS F P 
SF 1 20.250 20.250 14.58 0.001 
TONALITY 1 8.028 8.028 5.78 0.024 
TYPE 2 1.556 0.778 0.56 0.578 
SF'*TONALITY 1 2.250 2.250 1.62 0.215 
SF*TYPE 2 0.667 0.333 0.24 0.788 
TONALITY*TYP:; 2 0.222 0.111 0.08 0.923 
SrwTONALITY*TYPE 2 0.667 0.333 0.24 0.788 
Error 2~ 33.333 1.389 
Total _" .lv 66.972 
Analysis of 'Jaria:1ce for PP4l6 
Source ,,-.... r 55 MS F P 
SF . 5.444 5.444 4.00 0.C57 
-
TONALITY : 28.444 28.444 20.90 0.000 
TYPE :2 6.056 3.028 2.22 0.130 
SF*TONALIT'.l' 1 11.111 11.111 8.16 0.009 
SF*TYPE 2 0.722 0.361 0.27 0.769 
TONALITY*TYPE 2 3.389 1.694 1.24 0.306 
SF*TONALITY*TYPZ 2 4.056 2.028 1.49 0.246 
Error 2~ 32.667 1.361 
To~al 35 91.889 
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Analysis of Variance for AP4/6 
Source 
SF 
TONALITY 
TYPE 
SF-TONALITY 
SF*TYPE 
TONALITY*TYPE 
SF*TONALITY*TYPE 
Error 
Total 
MEANS 
DF 
1 
1 
2 
1 
2 
2 
2 
24 
35 
SS 
0.6944 
17.3611 
2.7222 
6.2500 
0.7222 
2.3889 
2.1667 
23.3333 
55.6389 
MS 
0.6944 
17.3611 
1.3611 
6.2500 
0.3611 
1.1944 
1.0833 
0.9722 
F P 
0.71 0.406 
17.86 0.000 
1.40 0.266 
6.43 0.018 
0.37 0.694 
1.23 0.310 
1.11 0.345 
SF N PP4/4 AP4/4 PP4/5 AP4/5 PP4/6 AP4/6 
1 18 6.5556 6.8889 6.4444 7.2778 6.3333 7.4444 
2 18 6.1111 6.6667 4.8333 5.7778 5.5556 7.1667 
TONALITY N 
1 18 
2 18 
P?~ /4 
6.5556 
~ .. ,., It 
0 ...... .;. 
AP4/4 PP4/5 
6.8889 6.1111 
6.6667 5.1667 
AP4/5 PP4/6 
7.0000 6.8333 
6.0556 5.0556 
AP4/6 
8.0000 
6.6111 
TYPE N 
1 12 
2 12 
3 12 
PP4/~ 
6.1667 
6.5833 
6.2500 
AP4/~ PP4/5 AP4/5 PP4/6 AP4/6 
6.4167 5.3333 6.2500 5.4167 7.2500 
7.CO~~ 5.6667 6.5833 6.4167 7.6667 
6.9167 5.9167 6.7500 6.0000 7.0000 
SF TONALITY N PP4/4 AP4/4 PP4/5 AP4/5 PP4/6 
7.4444 7.2222 8.0000 7.7778 
6.3333 5.6667 6.5556 4.8889 
6.3333 5.0000 6.0000 5.8889 
7.00CC 4.6667 5.5556 5.2222 
AP4/6 
8.5556 
6.3333 
7.4444 
6.8889 
1 • 9 7.2222 
1 2 9 5.8889 
2 ' 9 5.8889 
2 2 9 6.3333 
SF TYPE N 
116 
126 
136 
216 
226 
236 
PP4/~ 
6.5000 
6.8333 
6.3333 
5.8333 
6.3333 
6.1667 
TONALITY TYPE r> 
1 1 6 
1 2 6 
1 3 6 
2 "6 
2 2 6 
236 
AP4/4 
6.6667 
7.COOe 
7.COOO 
6.1667 
7.0000 
6.8333 
PP4/4 
6.6667 
6.50CC 
6.5:00 
5.6667 
6.6667 
6.00CO 
PP4/5 
6.1667 
6.5000 
6.6667 
AP4/5 
7.1667 
7.1667 
7.5000 
4.5000 5.3333 
4.8333 6.0000 
5.1667 6.0000 
PP4/6 AP4/6 
6.0000 7.3333 
6.6667 8.0000 
6.3333 7.0000 
4.8333 7.1667 
6.1667 7.3333 
5.6667 7.0000 
AP4/4 PP4/5 AP4/5 PP4/6 AP4/6 
7.0000 5.6667 6.6667 6.6667 8.1667 
6.6667 6.3333 7.0000 7.3333 8.5000 
7.COOO 6.3333 7.3333 6.5000 7.3333 
5.8333 5.0000 5.8333 4.1667 6.3333 
7.3333 5.0000 6.1667 5.5000 6.8333 
6.8333 5.5000 6.1667 5.5000 6.6667 
SF TONALITY TY?E N ?P4/4 AP4/4 PP4/5 AP4/5 
8.0000 
7.6667 
8.3333 
6.3333 
6.6667 
PP4/6 AP4/6 
8.0000 9.0000 
7.6667 9.0000 
7.6667 .7.6667 
4.0000 5.6667 
5.6667 7.0000 
1 
1 
1 
1 
1 
1 
2 
2 
1 3 7.COCO 7.00CO 7.0000 
2 3 7.0000 7.3333 7.3333 
3 3 7.6667 8.0000 7.3333 
: 3 6.CCCC 6.3333 5.3333 
2 3 6.6667 6.6667 5.6667 
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SF TONAL!TY TYPE N PP4/4 AP4I4 PP4/5 AP4/5 PP4/6 AP4/6 (Continued) 
1 2 3 3 5.0000 6.0000 6.0000 6.6667 5.0000 6.3333 
2 1 1 3 6.3333 7.0000 4.3333 5.3333 5.3333 7.3333 
2 1 2 3 6.0000 6.0000 5.3333 6.3333 7.0000 8.0000 
2 1 3 3 5.3333 6.0000 5.3333 6.3333 5.3333 7.0000 
2 2 1 3 5.3333 5.3333 4.6667 5.3333 4.3333 7.0000 
2 2 2 3 6.6667 8.0000 4.3333 5.6667 5.3333 6.6667 
2 2 3 3 7.0000 7.6667 5.0000 5.6667 6.0000 7.0000 
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APPENDIX II 
Music Files in code for Director Musices 
These are the music files used in Oirector Musices for the two series of experiments. Once 
the files were loaded into the Director Musices program, they could be processed and 
output as standard MIDI files, or the Oirector Musices has a built in sequencer which 
allows it to "perform" the processed music files itself. 
Experiment 1 
Excerpt 1 (A) Slow-Minor - Otello Act 4 Oboe ("Salce Aria") 
vI 
(n (0 . 2) rest t key "G#" modus "min" meter (2 4) mm 70 q ("G#" "B" "0#") ph t) 
(n (0 . 4) dot 1 rest t) 
(n ("G#4" . 8) phrase t) 
(n ("A#4" . 8» 
(n ("B4" . 8» 
(n ("0#5" .4) dot 1) 
(n ("0#5" . 8) subph t) 
(n ("0#5" . 8» 
(n (IC#5" . 8» 
(n ("B4" . 8» 
(n ("C#5" . 8» 
(n ("0#5" . 4» 
(n ("0#5" .4) bind t subph t) 
(n ("0#5" . 8» 
(n ("0#5" . 8) subph t) 
(n (IC#5" . 8» 
(n ("B4" . 8» 
(n ("0#4" .4» 
(n ("F#4" . 4» 
(n (ID#4" . 2) bind t) 
(n ("0#4" . 8» 
Excerpt 2 (B) Fast-Major - Otello Act 1 Oboe (lago "Beviam" Aria) 
vI 
(n (0 . 2) rest t dot I key "0" modus "maj" meter (6 8) mm 180 q ("0" "F#" "A") ph t) 
(n (0 .4) dot 1 rest t) 
(n (0.4) rest t) 
(n (IE4" . 8) phrase t) 
(n ("A4" . 4) dot 1) 
(n (IA4" .4) dot 1) 
(n ("A4" .4) dot 1) 
(n (IA4" .4) dot 1 bind t) 
(n ("A4" . 8» 
(n ("0#4" . 8) subph t) 
(n ("A4" . 8» 
(n ("B4" . 8» 
(n ("C#S" . 8» 
(n ("OS" . 8» 
(n ("C#S" . 4) dot 1 bind t) 
(n ("C#S" . 8» 
(n ("DS" . 8» 
(n ("ES" . 8» 
(n ("A4" . 4) dot 1 subph t) 
(n ("G#4" . 4) dot 1) 
(n ("F#4" . 4) dot 1 bind t subph t) 
(n ("F#4" . 8» 
(n ("E#4" . 8» 
(n ("F#4" . 8» 
(n ("OS" . 4) dot 1 bind t subph t) 
(n ("OS" . 8» 
(n ("C#S" . 8» 
(n ("B4" . 8» 
(n ("C#S" . 2) dot 1) 
(n ("B4" . 4) dot 1 bind t subph t) 
(n ("B4" . 8» 
(n ("A4" . 8» 
(n ("G#4" . 8» 
(n ("A4" . 2» 
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Excerpt 3 (e) Slow-Major - Otello Act 4 Oboe ("Bacio" theme) 
vI 
(n (0 .2) rest t key "E" modus "maj" meter (4 4) mm 60 q ("E" "G#" "B") ph t) 
(n (0 .4) dot 1 rest t) 
(n ("F#S" .4) dot 1 phrase t) 
(n (liES II • 8» 
(n ("O#S" . 8» 
(n ("ES" . 8» 
(n ("O#S" . 8» 
(n ("ES" . 8» 
(n ("G#S" . 2) subph t) 
(n ("F#S" . 4» 
(n (0 . 4) rest t) 
(n ("F#S" .4) dot 1) 
(n ("ES" . 8» 
(n ("O#S" . 8» 
(n ("ES" . 8» 
(n ("O#S" . 8» 
(n (liES" . 8» 
(n CBS" . 2) subph t) 
(n ("A#S" .4» 
(n (0.4) rest t) 
(n ("F#S" . 4) dot 1) 
(n ("E5" . 8» 
(n ("D#5" . 8» 
(n ("E5" . 8)) 
(n ("D#5" . 8» 
(n ("E5" . 8» 
(n ("C#6" .4) dot 1 subph t) 
(n ("B5" . 8» 
(n ("G#5" . 8» 
(n ("E5" . 8)) 
(n ("B4" . 8» 
(n ("G#4" . 8» 
(n ("C5" . 2» 
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Excerpt 4 (D) Fast-Minor - Otello Act 1 Oboe (Iago "Beviam" Aria 
introduction) 
vI 
(n (0 . 1) rest t key "B" modus"min" meter (4 4)mm120 q("F#" "A#" "C#")ph t channell) 
(n ("E#5" . 8) Phrase t) 
(n ("C#5" . 8» 
(n ("F#5" . 16» 
(n ("C#5" . 16» 
(n ("A#4" . 16» 
(n ("F#4" . 16» 
(n ("G5" . 8) subph t) 
(n ("B4" . 8» 
(n ("F#S" . 8» 
(n (0 . 8) rest t subph t) 
(n ("E#5" . 8» 
(n ("C#S" . 8» 
(n ("F#S" . 16» 
(n ("C#S" . 16» 
(n ("A#4" . 16» 
(n ("F#4" . 16» 
(n ("GS" . 8) subph t) 
(n ("B4" . 8)) 
(n ("F#S" . 8» 
(n ("C#5" . 8) subph t) 
(n ("GS" . 8» 
(n ("B4" . 8)) 
(n ("F#S" . 8» 
(n ("C#S" . 8) subph t) 
(n ("G5" . 8» 
(n ("B4" . 8» 
(n ("F#S" . 8» 
(n ("G5" . 16) t 3 subph t) 
(n (liES" . 16) t 3) 
(n ("C#S" . 16) t 3) 
(n ("A#4" . 8» 
(n ("G4" . 8» 
(n (liES" . 16) subph t) 
(n (tlC#S" . 16» 
(n ("A#4t1 . 16)) 
(n ("04" . 16» 
(n ( ltA#4" . 8» 
(n ("E4" . 8» 
(n ("C#S" . 8) subph t) 
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Excerpt Xl Fast-Major - Otello Act 2 Oboe (Cornemuse) 
vI 
(n (0 .2) rest t dot 1 key "B" modus Itmaj" meter (68) mm 110 q ("BIt "0#" "F#") ph t) 
(n (0 .4) dot 1 rest t) 
(n (0 . 4) rest t) 
(n ( ltF#41t . 8) Phrase t) 
(n ("B4t1 .4» 
(n ("A#4" . 8» 
(n ("F#4t1 . 4» 
(n ("0#4" . 8) subph t) 
(n ( ltO#4" . 4» 
(n ("E4" . 8» 
(n ("F#41t . 4» 
(n ("0#4" . 8) subph t) 
(n ("C#4" . 8» 
(n ( ltO#4" . 8» 
(n ("E41t . 8» 
(n ("F#4" . 4» 
(n (ltF#41t . 8) subph t) 
(n ( ltO#4" . 2) dot 1) 
(n ("A#4" . 8) subph t) 
(n ("B4t1 . 8» 
(n ("C#S" . 8» 
(n (tlO#S" . 4» 
(n ("C#5" . 8» 
(n ("B4" . 4» 
(n ( tl04t1 . 8) subph t) 
(n ("0#4" . 8» 
(n (tlE41t . 8» 
(n ("C#4" . 8) subph t) 
(n ( tlF#4t1 .4) dot 1 ) 
(n ("F#4" .4) dot 1 subph t) 
(n ("B3" . 2) dot 1) 
Excerpt X2 Slow-Major - Otello Act 3 Oboe (lntro Otello's sarcasm in 
conversation with Desdemona) 
vI 
(n (0 .2) rest t key tiE" modus "maj" meter (4 4) mm 66 q (ltBIt ItO#" tlF#") ph t) 
(n (0 .4) dot 1 rest t) 
(n ("G#4t1 .4) phrase t) 
(n ("A4" . 8) dot 1) 
(n ("B4" . 16» 
(n ("ES" . 4» 
(n ("D#S" . 4» 
(n ("C#S" . 4» 
(n ("B4" . 4) dot 1) 
(n ("B4" . 8) subph t) 
(n ("A#4" . 8» 
(n ("B4" . 8» 
(n ("F#4" . 8) subph t) 
(n ("B4" . 8» 
(n ("D#S" . 8» 
(n ("ES" . 8» 
(n ("F#S" . 4) bind t subph t) 
(n ("F#S" . 16» 
(n ("ES" . 16» 
(n ("D#S" . 16» 
(n ("ES" . 16» 
(n ("D#S" . 2» 
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Excerpt X3 Slow·Minor - Otello Act 4 Oboe (Cor Anglais) Intro and 
"Salce" aria 
vI 
(n (0 . 2) rest t key "G#" modus "min" meter (4 4) mm 70 q ("G#" "B" "0#") ph t) 
(n (0 .4) dot 1 rest t) 
(n ("C#4" . 4) phrase t) 
(n ("D4" . 8) t 3 subph t) 
(n ("F#4" . 8) t 3) 
(n ("A4" . 8) t 3) 
(n ("C#S" . 8) dot 1) 
(n ("eS" . 16» 
(n ("G#4" . 2) bind t) 
(n ("G#4" . 8» 
(n ("F#4" . 8) subph t) 
(n ("E4" . 8» 
(n ("F#4" . 8» 
(n ("G#4" . 4» 
(n ("F#4" . 8) subph t) 
(n ("E4" . 8» 
(n ("C#4" . 4» 
(n ("B3" • 4) subph t) 
(n ("G#3" . 1) bind t) 
(n ("G#3" . 4» 
(n ("A3" . 4) subph t) 
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Experiment 2 
Excerpt l(A) Slow-Major - Ariadne Act 2 ("Echo" theme) 
vI 
(bar 1 file "Ariadne Act 2 r221" n (0. 2) rest t 
key "Db" modus "maj" meter (4 4) mm 9S channell q ("Db" "F" "Ab"» 
(n (0 . 2) rest t) 
(n ("FS" . 2» 
(n ("AbS" . 2» 
(n ("EbS" . 4) dot 1) 
(n ("FS" . 8» 
(n ("ObS" . 2» 
(n ("DbS" . 2» 
(n ("FS" . 4» 
(n ("EbS" . 8» 
(n ("DbS" . 8» 
(n ("FS" . 2» 
(n ("EbS" . 4» 
(n ("FS" . 4» 
(n ("ObS" . 2» 
(n ("BbS" . 2» 
(n ("AbS" . 4) dot 1) 
(n ("ObS" . 8» 
(n ("FS" . 2» 
(n ("ObS" . 4» 
(n ("FS" . 4» 
(n ("EbS" . 4» 
(n ("FS" . 8» 
(n ("DbS" . 8» 
(n ("DbS" . 2» 
(n ("CS" . 2» 
(n ("Ab4" . 2» 
(n ("ObS" . 2» 
(n ("CS" .4) dot 1) 
(n ("ObS" . 8» 
(n ("EbS" . 2» 
(n ("Ab4" . 2» 
(n ("FS" . 2» 
(n ("EbS" . 4) dot 1) 
(n ("FS" . 8» 
(n ("ObS" . 2» 
(n ("AbS" . 2» 
(n ("Ob6" . 2» 
(n ("F6" . 4) dot 1) 
(n ("Ob6" . 8» 
(n ("Ab6" . 2» 
(n ("Eb6" . 4) dot 1) 
(n ("F6" . 8» 
. (n ("Gb6" . 2» 
(n ("F6" . 4) dot 1) 
(n ("Eb6" . 8» 
(n ("Ob6" . 2» 
(n ("Ab5" . 2» 
(n ("Eb6" . 2» 
(n ("F6" . 4) dot 1) 
(n (IGb6" . 8» 
(n (tlAb6 t1 • 2» 
(n (IEb6" .4) dot 1) 
(n (tlF6 t1 • 8» 
(n ("Ob6 t1 • 2» 
(n (tlF6 t1 • 4» 
(n (tlEb6" . 4» 
(n ("Ob6" . 4» 
(n (IEb6" . 8» 
(n (tlC6 t1 • 8» 
(n ("Eb6 t1 • 1» 
(n ("Ob6 t1 • 1» 
v2 
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(bar 1 n (0 . 2) rest t key "Dbtl modus "maj" meter (4 4) mm 95 channel 2 q (tlOb" "F" 
"Ab"» 
(n (0 . 2) rest t) 
(n ("Ob5" . 2» 
(n ("F5" . 2» 
(n ("C5" . 4) dot 1) 
(n ("Db5" . 8» 
(n ("Eb5" . 2» 
(n ("Bb4" . 1» 
(n ("Ob5" . 2» 
(n ("C5" . 4» 
(n ("05" .4» 
(n ("Eb5" . 2» 
(n ("Ob5 t1 • 2» 
(n ("E5 t1 .4) dot 1) 
(n ("Eb5" . 8» 
(n ( tl05" . 2» 
(n ( tlBb4" . 2) dot 1) 
(n ("Ob5" . 8» 
(n ("Bb4" . 8» 
(n ("Ab4" . 1» 
(n ("Ab4" . 1» 
(n ("Ab4" . 1) 
(n ( tlAb4" .2» 
(n ("Ob5" . 2» 
(n (tlC5 t1 • 4) dot 1) 
(n ("Ob5 t1 • 8» 
(n ( tlEb5" . 2» 
(n ( tlAb4 t1 .2» 
(n ("Ob5" . 2» 
(n ("F5" . 4) dot 1) 
(n ("Ob5" . 8» 
(n ("Ab5 t1 • 2» 
(n (tlEb5" . 4) dot 1) 
(n ("FS" . 8» 
(n ("GbS" . 2» 
(n ("FS" . 4) dot 1) 
(n ("EbS" . 8» 
(n ("ObS" . 2» 
(n ("Ab4" . 2» 
(n ("EbS" . 2» 
(n ("FS" . 4) dot 1) 
(n ("GbS" . 8» 
(n ("AbS" . 2» 
(n ("EbS" . 4) dot 1) 
(n ("FS" • 8» 
(n ("GbS" . 2» 
(n ("FS" . 4» 
(n ("EbS" . 4» 
(n ("ObS" . 4» 
(n ("EbS" . 8» 
(n ("eS" . 8» 
(n ("EbS" . 1» 
(n ("ObS" . 1» 
v3 
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(bar 1 n (0.2) rest t key "Db" modus "maj" meter (4 4) mm 9S channel 3 q (''~b'' "F" 
"Ab"» 
(n (0 . 2) rest t) 
(n ("Ab4" . 1) bind t) 
(n ("Ab4" . 1» 
(n ("F4" . 2» 
(n ("Ab4" . 4» 
(n ("Gb4" . 8» 
(n ("F4" . 8» 
(n ("Ab4" . 1» 
(n ("Bb4" . 1» 
(n ("Cb4" . 2» 
(n ("Bb4" . 2» 
(n ("EbS" . 4» 
(n ("Ab4" . 4» 
(n ("Gb4" . 4» 
(n ("F4" . 4» 
(n ("F4" . 2» 
(n ("Eb4" . 2» 
(n ("Ob4" . 1» 
(n ("Eb4" . 4) dot 1) 
(n ("F4" . 8» 
(n ("Gb4" . 2» 
(n ("Ob4" . 1» 
(n ("Ab4" . 1» 
(n ("Ab4" . 1» 
(n ("ObS" . 1» 
(n ("AbS" . 1) bind t) 
(n ("AbS" . 4) dot 1) 
(n ("GbS" . 8» 
(n ("FS" . 2» 
(n ("C5" . 2» 
(n ("Eb5" . 2» 
(n ("Db5" . 1» 
(n ("C5" . 4) dot 1) 
(n ("Db5" . 8» 
(n ("Eb5" . 2» 
(n ("Db5" . 4» 
(n ("Ab4" . 4» 
(n ("Bb4" . 4» 
(n ("Ab4" . 4» 
(n ("Ab4" . 1) bind t) 
(n ("Ah4" . 1» 
v4 
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(bar 1 n (0 . 2) rest t key "Db" modus "maj" meter (44) mm 95 channel 4 q ("Db" "F" 
"Ab"» 
(n (0 . 2) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n(0.1)restt) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0.1) rest t) 
(n (0 . 1) rest t) 
(n ("F4" . 1) bind t) 
(n ("F4" . 1» 
(n ("Gb4" . 1» 
(n ("Ab4" . 1» 
(n ("Ab4" . 1) bind t) 
(n ("Ab4" . 1» 
(n ("Gb5" . 4) dot 1) 
(n ("F5" . 8» 
(n ("Eb5" . 2» 
(n ("Ab4" . 4» 
(n ("Gb4" . 4» 
(n ("F4" . 4» 
(n ("Gb4" . 4» 
(n ("Gb4" . 1» 
(n ("F4" . 1» 
v5 
(bar 1 n (0 .2) rest t key "Db" modus "maj" meter (4 4) mm 95 channel 5 q ("Db" "F" 
"Ab"» 
(n (0 . 2) rest t) 
(n (0 . 8) rest t) 
(n ("F4" . 8» 
(n ("Ab4" . 8» 
(n ("DbS" . 8» 
(n (0 . 8) rest t) 
(n (tlAb4t1 . 8» 
(n (tlDb5 t1 . 8» 
(n (tlF5 t1 . 8» 
(n (0 . 8) rest t) 
(n ("Eb4" . 8» 
(n (tlAb4" . 8» 
(n (tlF4t1 . 8» 
(n ("Gb4" . 8» 
(n ("Ab4" . 8» 
(n ("C5" . 8» 
(n (tlEb5" . 8» 
(n (0 . 8) rest t) 
(n (tlBb3 t1 . 8» 
(n (tlDb4" . 8» 
(n (tlF4t1 . 8» 
(n (0 . 8) rest t) 
(n (tlBb3 t1 . 8» 
(n ("Eb4t1 . 8» 
(n (IBb4" . 8» 
(n (0 . 8) rest t) 
(n ("F4" . 8» 
(n ("Ab4" . 8» 
(n ("Db5" . 8» 
(n (tlC5 t1 . 8» 
(n (tlEb5" . 8» 
(n ("Bb4" . 8» 
(n ("Ab4t1 . 8» 
(n ("Gb4" . 8» 
(n ("Eb4 II • 8» 
(n (tlGb4" . 8» 
(n (IBb4" . 8» 
(n (0 . 8) rest t) 
(n (tlGb4" . 8» 
(n ("Bb4" . 8» 
(n ("£b5" . 8» 
(n (0 . 8) rest t) 
(n ("£4" . 8» 
(n ("Ab4" . 8» 
(n ("B4" . 8» 
(n (0 . 8) rest t) 
(n ("F4" . 8» 
(n ("Bb4" . 8» 
(n ("D5" . 8» 
(n (0 . 8) rest t) 
(n ("Bb3" . 8» 
(n ("D4" . 8» 
(n ("F4" . 8» 
(n (0 . 8) rest t) 
(n ("Eb4" . 8» 
(n ("G4" . 8» 
(n ("Bb4" . 8» 
(n (0 . 8) rest t) 
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(n ("F4" . 8» 
(n ("Ab4" . 8» 
(n ("Ob5" . 8» 
(n (0 . 8) rest t) 
(n ("Eb4" . 8» 
(n ("Ab4" . 8» 
(n ("e5" • 8» 
(n (0 . 8) rest t) 
(n ("Ab3" . 8» 
(n ("Ob4" . 8» 
(n ("F4" . 8» 
(n (0 . 8) rest t) 
(n ("Ob4" . 8» 
(n ("F4" . 8» 
(n ("Ab4" . 8» 
(n (0 . 8) rest t) 
(n ("Eb4" . 8» 
(n ("Ab4" . 8» 
(n (IF4" . 8» 
(n ("Gb4" . 8» 
(n ("Ab4" . 8» 
(n ("e5" • 8» 
(n (IEb5" . 8» 
(n (0 . 8) rest t) 
(n ("Ob4" . 8» 
(n ("F4" . 8» 
(n ("Ab4" . 8» 
(n (0 . 8) rest t) 
(n ("F4" . 8» 
(n ("Ab4" . 8» 
(n ("Ob5" . 8» 
(n (0 . 8) rest t) 
(n ("Eb4" . 8» 
(n ("Ab4" . 8» 
(n ("F4" . 8» 
(n (IGb4" . 8» 
(n (IAb4" . 8» 
(n ("es" . 8» 
(n ("EbS" . 8» 
(n (0 . 8) rest t) 
(n ("Ob4" . 8» 
(n ("F4" . 8» 
(n ("Ab4" . 8» 
(n (0 . 8) rest t) 
(n ("F4" . 8» 
(n ("Ab4" . 8» 
(n ("ObS" . 8» 
(n (0 . 8) rest t) 
(n ("Ab4" . 8» 
(n ("ObS" . 8» 
(n (IEbS" . 8» 
(n ("FS" . 8» 
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(n ("AbS" . 8» 
(n ("FS" . 8» 
(n ("DbS" . 8» 
(n (0 . 8) rest t) 
(n ("Eb4" . 8» 
(n ("Ab4" . 8» 
(n ("F4" . 8» 
(n ("Gb4" . 8» 
(n ("Ab4" . 8» 
(n ("CS" . 8» 
(n ("EbS" . 8» 
(n (0 . 8) rest t) 
(n ("Ab4" . 8» 
(n ("DbS" . 8» 
(n ("EbS" . 8» 
(n ("FS" . 8» 
(n ("AbS" . 8» 
(n ("FS" . 8» 
(n ("DbS" . 8» 
(n (0 . 8) rest t) 
(n ("C4" . 8» 
(n ("Eb4" . 8» 
(n ("Ab4t1 . 8» 
(n (0 . 8) rest t) 
(n ( tlEb4t1 . 8» 
(n ("Ab4t1 . 8» 
(n ("CS tI • 8» 
(n (0 . 8) rest t) 
(n ("Ab4t1 . 8» 
(n ("DbS" . 8» 
(n ("EbS" . 8» 
(n ("FS" . 8» 
(n ("AbS" . 8» 
(n ("FS" . 8» 
(n ("DbS" . 8» 
(n (0 . 8) rest t) 
(n ("Eb4" . 8» 
(n ("Ab4t1 . 8» 
(n ("F4" . 8» 
(n ("Gb4" . 8» 
(n ( tlAb4" . 8» 
(n (tiCS" . 8» 
(n ("EbS" . 8» 
(n ("DbS" . 4» 
(n ("Ab4" . 4» 
(n ("Bb4" . 4» 
(n ("CS" . 4» 
(n (0 . 8) rest t) 
(n ("Eb4" . 8» 
(n ("Ab4" . 8» 
(n ("Bb4" . 8» 
(n ("CS" . 8») 
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(n ("EbS" . 8)) 
(n ("AbS" . 8)) 
(n (lte5 tt . 8)) 
(n ("Db5 1t • 8» 
(n (ItAb41t • 8» 
(n (ItDb51t • 8» 
(n (ItF5 tt . 8» 
(n ("Db5 1t • 8)) 
(n (0 . 8) rest t) 
(n (0 .4) rest t) 
v6 
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(bar 1 n (0 . 2) rest t key ItDbtt modus ttmaj" meter (4 4) mm 95 channel 6 q ("Db" "F" 
ItAb"» 
(n (0 . 2) rest t) 
(n ("Ab3" . 1) bind t) 
(n (IAb3" . 1» 
(n ("Bb3 1t • 2» 
(n (ttGb3" . 2» 
(n ("Ab3" . 2) dot 1) 
(n (ttF3 tt . 4» 
(n ("£b3" . 1» 
(n (tt£3" . 2» 
(n ("Bb3" . 2» 
(n (l£b3" . 4» 
(n ("F3 tt .4» 
(n (ttGb3 tt .4» 
(n ("G3 tt .4» 
(n (ttAb3" . 1» 
(n (IF3" . 1» 
(n (IAb3" . 1» 
(n (ttF3 tt . 2)) 
(n ("Db3" . 2» 
(n ("Ab3" . 1» 
(n ("F4" . 2)) 
(n ("Db4" . 2» 
(n (IAb3" . 1» 
(n ("Ab3" . 1)) 
(n (IDb4" . 1» 
(n (IAb3" .2)) 
(n ("Gb3" . 2» 
(n ("F3" . 4) dot 1) 
(n ("Eb3" . 8» 
(n ("Db3" .2)) 
(n (IAb3" . 1» 
(n (IF3" . 4» 
(n (IAb3" .4» 
(n ("Bb3" . 4» 
(n (IAb3" .4)) 
(n (IAb3" . 1» 
(n ("Db4" . 1» 
v7 
(bar 1 n (0 . 2) rest t key "Db" modus "maj" meter (4 4) mm 95 channel 7 q ("Db" "F" 
"Ab"» 
(n (0 . 2) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 • 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n ("eS" . 4) dot 1) 
(n ("DbS" . 8» 
(n ("EbS" . 2» 
(n ("F5" . 4) dot 1) 
(n ("Gb5" . 8» 
(n ("Ab5" . 2) bind t) 
(n ("Ab5" . 1» 
(n ("Ab5" . 4) dot 1) 
(n ("GbS" . 8» 
(n ("FS" . 2» 
(n ("Bb5" . 4) dot 1) 
(n ("AbS" . 8» 
(n (IGbS" . 2» 
(n (IAbS" .4» 
(n ("Gb5" . 4» 
(n ("FS" . 4» 
(n ("Gb5" . 8» 
(n (IEb5" . 8» 
(n (le5" . 1» 
(n ("Db5" . 1) 
v8 
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(bar 1 n (0 . 2) rest t key "Db" modus "maj" meter (4 4) mm 95 channel 8 q ("Db" "Fit 
"Ab"» 
(n (0 . 2) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0. 1) rest t) 
(n (0.1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0.1) rest t) 
(n (0 . 1) rest t) 
(n (0.1) rest t) 
(n (0 . 1) rest t) 
(n ("Ab4" . 1) bind t) 
(n ("Ab4" . 1» 
(n ("Db5" . 1» 
(n (0 . 2) rest t) 
(n ("Ab4" . 2» 
(n ("Db5" . 4) dot 1) 
(n ("Eb5" . 8» 
(n ("P5" . 2» 
(n ("Ab4" . 1) bind t) 
(n ("Ab4" . 2» 
(n ("Db5" . 4» 
(n ("Eb5" .4» 
(n ("Ab3" . 1» 
(n ("Db3" . 2» 
(n (0 . 2) rest t) 
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Excerpt 2 (B) Slow-Minor - Otello Act 4 (Cor Anglais) Intro and "Salce" 
aria 
vI 
(bar 1 file "Otello Act 4 Flute 1" n (0 . 2) rest t 
key "C#" modus "min" meter (4 4) mm 72 channell q ("C#" "E" "G#"» 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0.1) rest t) 
(n (0 . 2) rest t) 
(n (0 . 8) rest t) 
(n ("E4" . 8» 
(n ("E4" . 8» 
(n ("E4" . 8» 
(n ("D#4" . 8» 
(n ("C#4" . 8» 
(n ("C#4" . 4» 
(n (0 . 2) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0.1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 2) rest t) 
(n (0 . 8) rest t) 
(n ("E4" . 8» 
(n ("E4" . 8» 
(n ("E4" . 8» 
(n ("D#4" . 8» 
(n ("C#4" . 8» 
(n ("C#4" .4» 
(n (0 . 2) rest t) 
(n (0 . 2) rest t) 
(n (0 . 8) rest t) 
(n ("G4" . 8» 
(n ("G4" . 8» 
(n ("F#4" . 8» 
(n ("F#4" . 8» 
(n ("E#4" . 8» 
(n ("E#4" . 4» 
(n (0 . 2) rest t) 
(n (0 . 2) rest t) 
(n (0 . 8) rest t) 
(n ("B4" . 8» 
(n ("C#5" . 8» 
(n ("05" . 8» 
(n ("F#5" . 2) bind t) 
(n ("F#5" . 8» 
(n ("E5" . 8) phrase t) 
(n ("0#5" . 8» 
(n ("E5" . 8» 
(n ("F#5" . 8» 
(n ("A5" . 8» 
(n ("F#5" . 8» 
(n ("0#5" . 8» 
(n ("B#5" . 8» 
(n ("A4" . 8) subph t) 
(n ("G#4" . 8» 
(n ("F#4" . 8» 
(n ("F#4" . 8) subph t) 
(n ("G#4" . 8» 
(n ("G#4" . 4) dot 1) 
(n ("F#4" . 8) SlI bph t) 
(n ("E4" . 8» 
(n ("F#4" . 8» 
(n ("E4" . 8) subph t) 
(n ("0#4" . 8» 
(n ("0#4" .4) dot 1) 
(n ("0#4" . 8) subph t) 
(n ("E4" . 8» 
(n ("F#4" . 8» 
(n ("G4" . 8» 
(n ("G#4" . 8» 
(n ("0#4" .4) dot 1) 
(n ("F#4" . 8) subph t) 
(n ("0#4" . 8» 
(n ("A4" . 8» 
(n ("A4" . 8» 
(n ("G#4" . 8» 
(n ("G#4" . 4) dot 1) 
(n ("G#4" . 8) subph t) 
(n ("A4" . 8» 
(n ("B4" . 8» 
(n ("05" . 8» 
(n ("C#5" . 8» 
(n ("C#5" . 4» 
(n (0 . 2) rest t) 
(n (0 . 1) rest t) 
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(n (0 . 4) rest t) 
(n (0 . 8) rest t) 
(n ("E4" . 8) phrase t) 
(n ("C#4" . 8» 
(n ("E4" . 8» 
(n ("0#4" . 8» 
(n ("C#S" . 8» 
(n ("ES" • 8» 
(n ("D#S" . 8» 
(n ("C#S" . 8» 
(n ("B4" . 8» 
(n ("A#4" . 8» 
(n ("A4" . 8» 
(n ("0#4" . 8» 
(n ("04" . 8» 
(n ("F#4" . 4) subph t) 
(n ("04" .4» 
(n (0 . 2) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 4) rest t) 
(n ("O#S" . 2) phrase t) 
(n ("0#4" .4) bind t) 
(n ("0#4" .4» 
(n ("04" . 2) subph t) 
(n ("F#4" . 4) bind t subph t) 
(n ("F#4" . 8» 
(n ("E#4" . 8» 
(n ("E4" . 8» 
(n ("0#4" .8» 
(n ("D4" . 8» 
(n ("C#4" . 8» 
(n ("C#4" . 8» 
(n ("C#4" . 8» 
(n ("C#4" . 4» 
(n (0 . 4) rest t) 
(n (0 . 2) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
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(bar 1 file "Otello Act 4 Flute 2" n (0 . 2) rest t key "C#" modus "min" meter (4 4) mm 72 
channell q ("C#" "E" "G#"» 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0.1) rest t) 
(n (0 . 1) rest t) 
(n (0.1) restt) 
(n (0. 1) rest t) 
(n (0.1) rest t) 
(n (0.1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0. 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n ("C#5" . 8) phrase t) 
(n ("B#5" . 8» 
(n ("A4" . 8» 
(n ("G#4" . 8» 
(n ("C#4" . 8» 
(n ("E4" . 8» 
(n ("E4" . 8» 
(n ("E4" . 8» 
(n ("E4" . 4» 
(n ("E4" . 4» 
(n (0 . 2) rest t) 
(n ("F1 II • 2» 
(n ("CI II .4» 
(n ("DbI II .8» 
v3 
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(bar I file "Otello Act 4 Cor Inglese" n (0 .2) rest t 
key "C#" modus "min" meter (4 4) mm 72 channel 2 q ("C#" "E" "0#"» 
(n (0 . 4) rest t) 
(n ("C#5" . 4) phrase t) 
(n ("D#5" . 8) t 3 subph t) 
(n ("F#5" . 8) t 3) 
(n ("A5" . 8) t 3) 
(n ("C#6" . 8) dot 1) 
(n ("C6" . 16» 
(n ("G#5" . 2) bind t) 
(n ("G#5" . 8» 
(n ("F#5" . 8) subph t) 
(n ("E5" . 8» 
(n ("F#5" . 8» 
(n ("0#5" . 4» 
(n ("F#5" . 8» 
(n ("E5" . 8» 
(n ("C#5" .4» 
(n ("B4" .4) subph t) 
(n ("G#4" . 1) bind t) 
(n ("0#4" .4» 
(n ("A4" .4» 
(n (0 . 2) rest t) 
(n (0 . 1) rest t) 
(n (0 . 4) rest t) 
(n ("C#S" . 4) phrase t) 
(n ("D#S" . 8) t 3 subph t) 
(n ("F#S" . 8) t 3) 
(n ("AS" . 8) t 3) 
(n ("C#6" . 8) dot 1) 
(n ("C6" . 16» 
(n ("O#S" . 2) bind t) 
(n ("O#S" . 8» 
(n ("F#S" . 8) subph t) 
(n ("ES" . 8» 
(n ("F#S" . 8» 
(n ("O#S" . 4» 
(n ("F#S" . 8» 
(n ("ES" . 8» 
(n ("C#S" . 4» 
(n ("B4" . 4» 
(n ("A#4" . 1) bind t) 
(n ("A#4" . 2» 
(n (0 . 2) rest t) 
(n (0. 1) rest t) 
(n (0 . 2) rest t) 
(n (0 . 8) rest t) 
(n ("B4" . 8) phrase t) 
(n ("C#S" . 8» 
(n ("DS" . 8» 
(n ("F#S" . 1) bind t) 
(n ("F#S" . 8» 
(n (liES" . 8) subph t) 
(n (liDS" . 8» 
(n ("ES" . 8» 
(n ("F#S" . 8» 
(n ("A#S" . 8» 
(n ("BS" . 8» 
(n ("O#S" . 8» 
(n (liAS II • 8) subph t) 
(n ("C#6" . 8» 
(n (liAS" . 8» 
(n (0 . 8) rest t) 
(n (0 . 2) rest t) 
(n (0. 1) rest t) 
(n (0. 1) rest t) 
(n (0 . 1) rest t) 
(n ("F#6" . 8) subph t) 
(n ("E6" . 8» 
(n ("E6" . 4» 
(n (0 . 2) rest t) 
(n ("0#6" .4) dot 1 subph t) 
(n ("F#6" . 8)) 
(n ("E6" . 8» 
(n ("C#6" . 8» 
(n (liAS" . 8» 
Appendix II - Music files for Director Musices 247 
(n ("F#5" . 8» 
(n ("D#5" . 2) subph t) 
(n ("C#5" . 2» 
(n ("G#4" . 1) bind t) 
(n ("G#4" .4» 
(n (0 .4) rest t) 
(n (0 . 2) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 8) rest t) 
(n ("C#5" . 8) phrase t) 
(n ("D#5" . 8» 
(n ("E5" . 8» 
(n ("G#5" . 2) bind t) 
(n ("G#5" .2» 
(n (0 . 2) rest t) 
(n (0 . 2) rest t) 
(n (0 . 4) rest t) 
(n ("C5" . 4» 
(n ("C#5" . 2» 
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(bar 1 file "Otello Act 4 Clarinet 1 lin (0 . 2) rest t 
key "C#" modus "min" meter (4 4) mm 72 channel 3 q ("C#" liE" "G#"» 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0. 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n ("G#4" . 2» 
(n ("G#4" . 2» 
(n ("G#4" . 2) phrase t) 
(n ("F#4" . 2» 
(n ("E4" . 1) bind t) 
(n ("E4" . 2) dot 1) 
(n ("F#4" . 4» 
(n ("G4" . 1) bind t subph t) 
(n ("G4" .4) bind t) 
(n ("G4" .4» 
(n (0 . 2) rest t) 
(n ("D5" . 1) bind t) 
(n ("D5" . 4) bind t) 
(n ("D5" . 4» 
(n (0 . 2) rest t) 
(n (0 . 1) reset) 
(n (0 . 1) rest t) 
(n (0 . 4) rest t) 
(n (0 . 8) rest t) 
(n ("A5" . 8) phrase t) 
(n ("F#5" . 8» 
(n ("E5" . 8» 
(n ("D#5" .4) bind t) 
(n ("D#5" .4» 
(n ("D5" . 4) subph t) 
(n ("C#5" . 2) bind t) 
(n ("C#5" . 4» 
(n ("C#5" . 2» 
(n ("C#5" . 4) bind t) 
(n ("C#5" . 4) dot 1) 
(n ("D5" . 8) subph t) 
(n ("D#5" . 2) bind t) 
(n ("D#5" . 8» 
(n ("E5" . 8» 
(n ("E5" . 4) dot 1) 
(n ("E#5" . 8) subph t) 
(n ("F#5" . 8» 
(n ("0#5" . 8» 
(n ("B5" . 8» 
(n ("A5" . 8» 
(n ("AS" .4» 
(n (0 . 2) rest t) 
(n (0.1) rest t) 
(n (0 .4) rest t) 
(n (0 . 8) rest t) 
(n ("E4" . 8) phrase t) 
(n ("C#4" . 8» 
(n ("E4" . 8» 
(n ("0#4" . 8» 
(n ("C#5" . 8» 
(n ("0#5" . 8» 
(n ("A5" . 8» 
(n ("F#5" . 8» 
(n ("F5" . 8» 
(n ("E5" . 8» 
(n ("C5" . 8» 
(n ("B4" . 8» 
(n ("C5" . 8» 
(n ("C#5" . 4) bind t) 
(n ("C#5" . 4» 
(n (0 . 2) rest t) 
(n ("0#4" . 2» 
(n ("0#4" . 2» 
(n ("0#4" . 2) bind t phrase t) 
(n ("0#4" . 8» 
(n ("C5" . 8» 
(n ("C#5" . 8» 
(n ("D#5" . 8» 
(n ("E5" . 2» 
(n ("D#5" . 2» 
(n ("C#5" . 2» 
(n ("0#4" . 2» 
(n ("0#4" . 1) bind t subph t) 
(n ("0#4" .4» 
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(bar 1 file "Otello Act 4 Clarinet 3" n (0 . 2) rest t 
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key "C#" modus "min" meter (44) mm 72 channel 3 q (tlC#" "E" "G#tI» 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n ("C#4t1 . 2» 
(n ("C#4" . 2» 
(n ("C#4" . 1) bind t phrase t) 
(n ("C#4" . 1) bind t) 
(n ("C#4" . 2) dot 1) 
(n ("D#4" . 4» 
(n ("E4" . 1) bind t subph t) 
(n ("E4" . 4) bind t) 
(n ("E4" . 4» 
(n (0 . 2) rest t) 
(n ("G4" . 1) bind t subph t) 
(n ("G4" . 4) bind t) 
(n ("G4" . 4» 
(n (0 . 2) rest t) 
(n (0. 1) rest t) 
(n (0 . 1) rest t) 
(n (0 .4) rest t) 
(n (0 . 8) rest t) 
(n ("F#5" . 8) phrase t) 
(n ("D#5" . 8» 
(n ("C#5" . 8» 
(n ("C5" . 4) bind t) 
(n ("C5" .4» 
(n ("B4" .4) subph t) 
(n ("A#4" .4» 
(n ("A4" . 4» 
(n ("G#4" . 8) subph t) 
(n ("G4" . 8» 
(n ("G4" . 4) dot 1) 
(n ("G4" . 8) subph t) 
(n ("G#4" . 8» 
(n ("A4" . 8» 
(n ("A#4" . 8» 
(n ("B4" . 8» 
(n ("B4" . 2» 
(n ("B4" .4) bind t subph t) 
(n ("B4" . 4) dot 1) 
(n ("C5" . 8) subph t) 
(n ("C#5" . 2» 
(n ("F5" . 8) subph t) 
(n ("F#5" . 8» 
(n ("F#5" . 4» 
(n (0 . 2) rest t) 
(n (0. 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 8) rest t) 
(n ("F#5" . 8» 
(n ("E5" . 8» 
(n ("05" . 8» 
(n ("C#5" . 8» 
(n (0 . 4) rest t) 
(n (0 . 8) rest t) 
(n (0 . 1) rest t) 
(n ("C#4" . 2» 
(n ("C#4" . 2» 
(n ("C#4" . 2) bind t phrase t) 
(n ("C#4" . 8» 
(n ("0#4" . 8» 
(n ("E4" . 8» 
(n ("0#4" . 8» 
(n ("C#5" . 2» 
(n ("0#4" . 2» 
(n ("E4" . 2» 
(n ("0#4" . 2» 
(n ("C#4" . 1) bind t subph t) 
(n ("C#4" . 4» 
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(bar 1 file "Otello Act 4 Horn" n (0 . 2) rest t 
key "C#" modus "min" meter (44) mm 72 channel 4 q ("C#" liE" "0#"» (n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0. 1) rest t) 
(n (0. 1) rest t) 
(n (0 . 1) rest t) 
(n (0.1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0. 1) rest t) 
(n (0 . 1) rest t) 
(n ("B3" . 1) bind t) 
(n ("B3" . 4) bind t) 
(n ("B3" .4» 
(n (0 . 2) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 .4) rest t) 
(n ("04" .4) phrase t) 
(n ("C#4" . 2) bind t) 
(n ("C#4" . 4» 
(n ("C#4" .2» 
(n ("C#4" . 4) bind t subph t) 
(n ("C#4" . 4) dot 1) 
(n ("04" . 8) subph t) 
(n ("0#4" . 2) bind t) 
(n ("0#4" . 8» 
(n ("E4" . 8» 
(n ("E4" . 4) dot 1) 
(n ("F4" . 8) subph t) 
(n ("F#4" . 8» 
(n ("0#4" . 8» 
(n ("B4" . 8» 
(n ("A4" . 8» 
(n ("A4" . 4» 
(n (0 . 2) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 2) rest t) 
(n ("E4" . 2) bind t) 
(n ("E4" • 4) bind t) 
(n ("E4" . 4» 
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key "C#" modus "min" meter (44) mm 72 channelS q ("C#" "E" "0#"» 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 4) rest t) 
(n ("B3" .4) phrase t) 
(n ("A#3" . 4» 
(n ("A3" . 4» 
(n ("0#3 II • 8) subph t) 
(n ("03" . 8» 
(n ("03" .4) dot 1) 
(n ("03" . 8) subph t) 
(n ("0#3" . 8» 
(n ("A3" . 8» 
(n ("A#3" . 8» 
(n ("B3" . 8» 
(n ("B3" . 2» 
(n ("B3" .4) bind t subph t) 
(n ("B3" . 4) dot 1) 
(n ("C4" . 8) subph t) 
(n ("C#4" . 2» 
(n ("F4" . 8) subph t) 
(n ("F#4" . 8» 
(n ("F#4" . 4» 
(n (0 . 2) rest t) 
(n (0 . 1) rest t) 
(n (0 . 1) rest t) 
(n (0 . 2) rest t) 
(n ("F#3 II • 8» 
(n ("G3" .8» 
(n ("G#3" . 8» 
(n ("A3" . 8» 
(n ("Bb3" . 4» 
(n ("A3" .4» 
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Excerpt 3(C) Fast-Major - Otello Act 1 (Iago "Beviam" Aria) 
vI 
(file "Otello Act 1 Flute I" n (0.2) rest t dot 1 key "D" modus "maj" meter (68) mm 180 
q ("D" "F#" "A") ph t channell) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n ("F#S" .4) dot 1 bind t phrase t) 
(n ("F#S II • 8» 
(n ("E#S" . 8» 
(n ("F#S" . 8» 
(n ("D6" . 4) dot 1 bind t subph t) 
(n ("D6" . 8» 
(n ("C#6" . 8» 
(n ("BS" . 8» 
(n ("C#6" . 2) dot 1) 
(n ("BS" . 4) dot 1 bind t subph t) 
(n ("BS" . 8» 
(n (liAS" . 8» 
(n ("G#S" . 8» 
(n ("AS" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 . 4) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 .2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 4) dot 1 rest t) 
(n ("C#6" . 4) dot 1 bind t) 
(n ("C#6" .4) dot 1) 
(n ("F#6" . 4) dot 1) 
(n ("E6" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n ("A6" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 .4) dot 1 rest t) 
(n ("E6" . 8» 
(n ("D6" . 8» 
(n ("BS" . 8» 
(n ("AS" . 8» 
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( file "Otello Act 1 Oboe 1" n (0 . 2) rest t dot 1 key "D" modus "maj" meter (6 8) mm 180 
q ("D" "F#" "A") ph t channel 2) . 
(n (0 .4) dot 1 rest t) 
(n (0 .4) rest t) 
(n ("E4" . 8) phrase t) 
(n ("A4" .4) dot 1) 
(n ("A4" .4) dot 1) 
(n ("A4" .4) dot 1) 
(n ("A4" . 4) dot 1 bind t) 
(n ("A4" . 8» 
(n ("G#4" . 8) subph t) 
(n ("A4" .8» 
(n ("B4" . 8) 
(n ("C#S" . 8» 
(n ("DS" . 8» 
(n ("C#S" . 4) dot 1 bind t) 
(n ("C#S" . 8» 
(n ("DS" . 8» 
(n ("ES" . 8» 
(n ("A4" . 4) dot 1 subph t) 
(n ("G#4" . 4) dot 1) 
(n ("F#4" . 4) dot 1 bind t subph t) 
(n ("F#4" . 8» 
(n ("E#4" . 8» 
(n ("F#4" . 8» 
(n ("DS" . 4) dot 1 bind t subph t) 
(n ("DS" . 8» 
(n ("C#S" . 8» 
(n ("B4" . 8» 
(n ("C#S" . 2) dot 1) 
(n ("B4" . 4) dot 1 bind t subph t) 
(n ("B4" . 8» 
(n ("A4" . 8» 
(n ("G#4" . 8» 
(n ("A4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 . 4) dot 1 rest t) 
(n (0 . 4) dot 1 rest t) 
(n ("B4" . 8» 
(n ("G#4" . 8» 
(n ("E4" . 8» 
(n ("A4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 .4) dot 1 rest t) 
(n (0 . 4) dot 1 rest t) 
(n ("B4" . 8» 
(n ("G#4" . 8» 
(n ("E4" . 8» 
(n ("A4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 .4) dot 1 rest t) 
(n (0 .4) dot 1 rest t) 
(n (0 .4) dot 1 rest t) 
(n (0 .4) dot 1 rest t) 
(n ("G4" . 4) dot 1) 
(n ("F#4" . 4) dot 1) 
(n ("F4" . 4) dot 1) 
(n ("E4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (liAS" .4) dot 1 bind t) 
(n ("AS" .4) dot 1) 
(n ("AS" .4) dot 1) 
(n ("AS" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n ("AS" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 .4) dot 1 rest t) 
(n ("G#S" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n ("AS" . 8» 
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( file "Otello Act 1 Clarinet 1" n (0 . 2) rest t dot 1 key "D" modus "maj" meter (6 8) mm 
180 
q ("D" "F#" "A") ph t channel 3) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n ("AS" .4) dot 1 phrase t) 
(n ("G#S" . 4) dot 1) 
(n ("F#S" . 4) dot 1 bind t subph t) 
(n ("F#S" . 8» 
(n ("E#S" . 8» 
(n ("F#S" . 8» 
(n ("D6" . 4) dot 1 bind t subph t) 
(n ("06" . 8» 
(n ("C#6" . 8» 
(n ("BS" . 8» 
(n ("C#6" .2) dot 1) 
(n ("BS" . 4) dot 1 bind t subph t) 
(n ("BS" . 8» 
(n ("AS" . 8» 
(n ("O#S" . 8» 
(n ("AS" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n ("A4" . 8» 
(n ("04" . 8» 
(n ("F#4" . 8» 
(n ("F4" . 8) 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 . 4) dot 1 rest t) 
(n (0 . 4) dot 1 rest t) 
(n (IA4" . 8» 
(n ("04" . 8» 
(n ("F#4" . 8» 
(n ("F4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 . 4) dot 1 rest t) 
(n (0 . 4) dot 1 rest t) 
(n ("FS" . 8» 
(n ("ES" . 8» 
(n ("EbS" . 8» 
(n ("OS" . 8» 
(n ("C#S" . 8» 
(n ("CS" . 8» 
(n ("B4" . 8» 
(n ("Bb4" . 8» 
(n ("A4" . 8» 
(n ("G#4" .4) dot 1) 
(n ("04" .4) dot 1) 
(n ("F#4" . 4) dot 1) 
(n ("F4" . 4) dot 1) 
(n ("E4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n ("C#6" . 4) dot 1 bind t) 
(n ("C#6" . 4) dot 1) 
(n ("F#6" . 4) dot 1) 
(n ("E6" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n ("A6" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
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(n (0 .4) dot 1 rest t) 
(n ("E6" . 8» 
(n ("D6" . 8» 
(n ("B5" . 8» 
(n ("A5" . 8» 
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( file "Otello Act 1 bassoon 1 II n (0 . 2) rest t dot 1 key "D" modus "maj" meter (6 8) mm 
180 
q CD" "F#" "A") ph t channel 4) 
(n (0 .4) dot 1 rest t) 
(n ("C#3" . 8» 
(n ("F#3" . 8» 
(n ("E3" . 8» 
(n ("A3" . 8» 
(n (0 . 8) rest t) 
(n ("C#3" . 8» 
(n ("F#3" . 8» 
(n (0 . 8) rest t) 
(n ("C#3" . 8» 
(n ("E3" . 8» 
(n (0 . 8) rest t) 
(n ("C#3 tt . 8» 
(n ("F#3" . 8» 
(n (0 . 8) rest t) 
(n ("C#3 tt . 8» 
(n (ttE3 tt . 8» 
(n (0 . 8) rest t) 
(n ("C#3" . 8» 
(n ("E3 tt . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n ("A4" .2) dot I phrase t) 
(n ("A4" . 4) dot 1) 
(n ("G#4" . 4) dot 1) 
(n ("F#4" . 4) dot 1 subph t) 
(n (ttE4" .4) dot 1) 
(n ("D4" . 4) dot 1) 
(n ("G#4" . 4) dot 1) 
(n ("E#4tt . 4) dot 1 subph t) 
(n ("F#4" .4) dot 1) 
(n ("D4" .4) dot 1) 
(n ("E4" . 4) dot 1) 
(n ("C#4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n CF4" . 8» 
(n ("E4" . 8» 
(n (ttEh4tt . 8» 
(n (ttD4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 . 4) dot 1 rest t) 
(n (0 . 4) dot 1 rest t) 
(n ("F4" . 8» 
(n ("£4" . 8» 
(n ("£b4" . 8» 
(n ("D4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 .4) dot 1 rest t) 
(n (0 .4) dot 1 rest t) 
(n ("FS" . 8) phrase t) 
(n ("£S" . 8» 
(n ("£bS" . 8» 
(n ("DS" . 8» 
(n ("C#S" . 8» 
(n ("eS" . 8» 
(n ("B4" . 8» 
(n ("Bb4" . 8» 
(n ("A4" . 8» 
(n ("G#4" . 4) dot 1) 
(n ("G4" . 4) dot 1 subph t) 
(n ("F#4" . 4) dot 1) 
(n ("F4" . 4) dot 1) 
(n ("£4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n ("C#5" . 4) dot 1 bind t) 
(n ("C#5" . 4) dot 1) 
(n ("F#5" . 4) dot 1) 
(n ("£S" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n ("A5" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 .4) dot 1 rest t) 
(n ("£5" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n ("C#5" . 8» 
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( file "Otello Act 1 Bassoon 2" n (0 . 2) rest t dot 1 key "0" modus "maj" meter (68) mm 
180 
q ("D" "F#" "A") ph t channel 4) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n ("A4" . 4) dot 1 phrase t) 
(n ("G#4" . 4) dot 1) 
(n ("F#4" . 4) dot 1) 
(n ("E4" . 4) dot 1) 
(n ("04" . 4) dot 1 subph t) 
(n ("C#4" .4) dot 1) 
(n ("B3" .4) dot 1) 
(n ("G#3" . 4) dot 1) 
(n (IE#3" . 4) dot 1 subph t) 
(n (IF#3" . 4) dot 1) 
(n ("03" .4) dot 1) 
(n ("E3" .4) dot 1) 
(n ("C#3" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 .4) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 4) dot 1 rest t) 
(n (IA4" .4) dot 1 bind t) 
(n ("A4" .4) dot 1) 
(n ("A4" .4) dot 1) 
(n ("A4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (IC#5" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 . 4) dot 1 rest t) 
(n ("G#4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n ("A4" . 8» 
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( file "Otello Act 1 Bassoon 3" n (0 . 2) rest t dot 1 key "0" modus "maj" meter (6 8) mm 
180 
q ("0" "F#" "A") ph t channel 4) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 .2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 4) dot 1 rest t) 
(n ("0#5" .4) dot 1) 
(n ("E5" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n ("E5" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 .4) dot 1 rest t) 
(n ("B4" . 8» 
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( file "Otello Act 1 Bassoon 4" n (0 . 2) rest t dot 1 key "D" modus "maj" meter (6 8) mm 
180 
q ("D" "F#" "A") ph t channel 4) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 .2) dot 1 rest t) 
(n (0 .4) dot 1 rest t) 
(n ("E4" . 4) dot 1 bind t) 
(n ("E4" . 4) dot 1) 
(n ("B#5" . 4) dot 1) 
(n ("C#5" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n ("E4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 . 4) dot 1 rest t) 
(n ("E4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
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(n ("A3" . 8» 
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( file "Otello Act 1 Horn 1 II n (0 . 2) rest t dot 1 key "0" modus "maj" meter (6 8) mm 180 
q ("0" "F#" "A ") ph t channel S) 
(n (0 .4) dot 1 rest t) 
(n (0 . 4) rest t) 
(n (tlE4" . 8) phrase t) 
(n ("A4" . 4) dot 1) 
(n ("A4" . 4) dot 1) 
(n ("A4" . 4) dot 1) 
(n ("A4" .4) dot 1 bind t) 
(n ("A4" . 8» 
(n ("0#4" . 8) subph t) 
(n ("A4" . 8» 
(n ("B4" . 8» 
(n ("C#S" . 8» 
(n ("DS" . 8» 
(n (tlC#StI .4) dot 1 bind t) 
(n ("C#StI . 8» 
(n ("DStI . 8» 
(n ("ES" . 8» 
(n ("C#S" . 2) dot 1 subph t) 
(n ("F#S" . 4) dot 1) 
(n ("ES" . 4) dot 1) 
(n ("DS" . 2) dot 1) 
(n ("C#S" . 2) dot 1 subph t) 
(n ("B4" . 2) dot 1) 
(n ("A4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n ("CS" . 4» 
(n ("CS" . 8» 
(n ("B4 tI . 8» 
(n ("Bb4" . 8» 
(n ( tlA4" . 8» 
(n (tlO#4t1 . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 .4) dot 1 rest t) 
(n (tiCS" .4» 
(n ("CStI . 8» 
(n (tlB4t1 . 8» 
(n ("Bb4" . 8» 
(n ("A4" . 8» 
(n ("0#4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 . 4) dot 1 rest t) 
(n ("FS" . 8) phrase t) 
(n ("ES" . 8» 
(n ("EbS" . 8» 
(n ("DS" . 8» 
(n ("C#S" . 8» 
(n ("CS" . 8» 
(n ("B4" . 8» 
(n ("Bb4" . 8» 
(n ("A4" . 8» 
(n ("G#4" . 4) dot 1) 
(n ("G4" . 4) dot 1 subph t) 
(n ("F#4" . 4) dot 1) 
(n ("F4" . 4) dot 1) 
(n ("E4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n ("ES" . 4) dot 1 bind t) 
(n ("ES" . 4) dot 1) 
(n ("F#S" . 4) dot 1) 
(n ("ES" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n ("AS" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 .4) rest t dot 1) 
(n ("ES" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n ("AS" . 8» 
viO 
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(file "Otello Act 1 Hom 3" n (0 .2) rest t dot 1 key "0" modus "maj" meter (6 8) mm 180 
q ("0" "F#" "A") ph t channelS) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n ("A4" . 4) dot 1 phrase t) 
(n ("A#4" . 4) dot 1) 
(n ("B4" . 2) dot 1) 
(n ("G#4" . 4) dot 1 subph t) 
(n ("A4t1 . 4) dot 1) 
(n ( tlF#4" .4) dot 1) 
(n ("G#4t1 .4) dot 1) 
(n ("A4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 .4) restt dot 1) 
(n (0 .4) rest t dot 1) 
(n (tl B4" . 8» 
(n ("G#4" . 8» 
(n ("E4t1 . 8» 
(n (tlA4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0.4) rest t dot 1) 
(n (0 .4) rest t dot 1) 
(n ("B4" . 8» 
(n ("G#4" . 8» 
(n ("E4" . 8» 
(n ("A4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0.4) rest t dot 1) 
(n (0 .2) rest t dot 1) 
(n (0 . 2) rest t dot 1) 
(n (0 .2) rest t dot 1) 
(n (0.4) rest t dot 1) 
(n ("C#4" . 4) dot 1 bind t) 
(n ("C#4" . 4) dot 1) 
(n ("C4" .4) dot 1) 
(n ("C#4" . 8» 
(n (0. 8) rest t) 
(n (0 . 8) rest t) 
(n ("C#4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 .4) rest t dot 1) 
(n ("B3" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n ("C#4" . 8» 
v13 
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(file "Otello Act 1 Strings" n (0 . 2) rest t dot 1 key "0" modus "maj" meter (68) mm 180 
q ("0" "F#" "A") ph t channel 6) 
(n (0 . 2) dot 1 rest t) 
(n (0 . 2) dot 1 rest t) 
(n (0 .4) dot 1 rest t) 
(n (IA4" .4) dot 1 bind t phrase t) 
(n ("A4" . 8» 
(n ("G#4" . 8) subph t) 
(n (IA4" . 8» 
(n ("B4" . 8» 
(n ("C#5" . 8» 
(n ("05" . 8» 
(n ("C#5" .4) dot 1 bind t) 
(n ("C#5" . 8» 
(n ("05" . 8» 
(n ("E5" . 8» 
(n ("A4" . 4) dot 1 subph t) 
(n ("G#4" . 4) dot I) 
(n ("F#4" . 4) dot 1 bind t subph t) 
(n ("F#4 II • 8» 
(n (IE#4" . 8» 
(n ("F#4" . 8» 
(n ("OS" .4) dot 1 bind t subph t) 
(n ("OS" • 8» 
(n ("C#S" . 8» 
(n ("B4" . 8» 
(n ("C#S" . 2) dot 1) 
(n ("B4" . 4) dot 1 bind t subph t) 
(n ("B4" . 8» 
(n ("A4" . 8» 
(n ("G#4" . 8» 
(n ("A4" . 8» 
(n (0 . 8) rest 1) 
(n (0 . 8) rest t) 
(n ("C4" . 4» 
(n ("C4" . 8» 
(n ("B3" . 8» 
(n ("Bb3" . 8» 
(n ("A3" . 8» 
(n ("G#3" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 .4) dot 1 rest t) 
(n ("C4" . 4» 
(n ("C4" . 8» 
(n ("B3" . 8» 
(n ("Bb3" . 8» 
(n ("A3" . 8» 
(n ( tlG#3" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 .4) dot 1 rest t) 
(n ("F4" . 8» 
(n ("E4" . 8» 
(n ("Eb4" . 8» 
(n ("D4" . 8» 
(n ("C#4" . 8» 
(n ("C4" . 8» 
(n (0 . 4) dot 1 rest t) 
(n ("G#4" . 4» 
(n ("D#4" . 8» 
(n ("G4" . 4» 
(n ("04" . 8» 
(n ("F#4" . 4» 
(n ("C#4" . 8» 
(n ("F4" . 4» 
(n ("C4" . 8» 
(n ("E4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n ("C#S" . 4) dot 1 bind t) 
(n ("C#S" . 4) dot 1) 
(n ("F#S" . 4) dot 1) 
(n ("ES" . 8» 
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(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n ("A5" . 8)) 
(n (0 . 8) rest t) 
(n (0 . 8) rest t) 
(n (0 .4) dot 1 rest t) 
(n (tlE5" . 8)) 
(n ("D5" . 8» 
(n ("B4" . 8» 
(n ("A4" . 8)) 
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Excerpt 4 (D) Fast-Minor - Otello Act 1 (lago "Beviam" Aria introduction) 
vI FLUTE 
(bar 1 n (0 . 1) rest t key "B" modus "min" meter (4 4) mm 120 q ("F#" "A#" "C#") 
channell) 
(n ("E#6" . 8)) 
(n ("C#6" . 8» 
(n ("F#6" . 16)) 
(n ("C#6" . 16» 
(n ("A#5" . 16» 
(n ("F#5" . 16» 
(n ("G6" . 8» 
(n ("B5" . 8» 
(bar 2 n ("F#6" . 8» 
(n (0 . 8) rest t) 
(n ("E#6" . 8» 
(n ("C#6" . 8)) 
(n ("F#6" . 16» 
(n ("C#6" . 16» 
(n ("A#5" . 16» 
(n ("F#5" . 16» 
(n ("G6" . 8» 
(n ("B5" . 8» 
(bar 3 n ("F#6" . 8» 
(n ("C#6" . 8)) 
(n ("G6" . 8» 
(n ("B5" . 8» 
(n (IF#6" . 8» 
(n ("C#6" . 8» 
(n ("G6" . 8» 
(n ("B5" . 8» 
(bar 4 n ("F#6" . 8» 
(n (0 . 8) rest t) 
(n (0 . 4) rest t) 
(n (0 . 2) rest t) 
(bar 5 n (0 . 1) rest t) 
(bar 6 n (0. 1) rest t) 
(bar 7 n (0 . 1) rest t) 
(bar 8 n (0 .4) rest t) 
(n (IF#5" . 8» 
(n (0 . 8) rest t) 
(n ("F#6" . 8» 
(n (0 . 8) rest t) 
(n ("F#5" . 8» 
(n (0 . 8) rest t) 
(bar 9 n (0 . 8) rest t) 
v2PICCOLO 
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(bar 1 n (0 . 1) rest t key "B" modus "min" meter (4 4) mm 120 q ("F#" "A#" "C#") 
channel 2) 
(n ("E#6" . 8» 
(n ("C#6" . 8» 
(n ("F#6" . 16» 
(n ("C#6" . 16» 
(n ("A#5" . 16» 
(n ("F#5" . 16» 
(n ("G6" . 8» 
(n ("B5" . 8» 
(bar 2 n ("F#6" . 8» 
(n (0 . 8) rest t) 
(n ("E#6" . 8» 
(n ("C#6" . 8» 
(n ("F#6" . 16» 
(n ("C#6" . 16» 
(n ("A#5" . 16» 
(n ("F#5" . 16» 
(n ("G6" . 8» 
(n ("B5" . 8» 
(bar 3 n ("F#6" . 8» 
(n ("C#6" . 8» 
(n ("G6" . 8» 
(n ("B5" . 8» 
(n ("F#6" . 8» 
(n ("C#6" . 8» 
(n ("G6" . 8» 
(n ("B5" . 8» 
(bar 4 n ("F#6" . 8» 
(n (0 . 8) rest t) 
(n (0 .4) rest t) 
(n (0 . 2) rest t) 
(bar 5 n (0 . 1) rest t) 
(bar 6 n (0 . 1) rest 1) 
(bar 7 n (0 . 1) rest t) 
(bar 8 n (0 . 4) rest t) 
(n ("F#5" . 8» 
(n (0 . 8) rest t) 
(n ("F#6" . 8» 
(n (0 . 8) rest t) 
(n ("F#5" . 8» 
(n (0 . 8) rest t) 
(bar 9 n (0 . 8) rest t) 
v30BOE 
(bar 1 n (0. 1) rest t key "B" modus "min" meter (4 4) mm 120 q ("F#" "A#" "C#") 
channel 3) 
(n ("E#S" . 8» 
(n ("C#S" . 8» 
(n ("F#S" . 16» 
(n ("C#S" . 16» 
(n ("A#4" . 16» 
(n ("F#4" . 16» 
(n ("OS" . 8» 
(n ("B4" . 8» 
(bar 2 n ("F#S" . 8» 
(n (0 . 8) rest t) 
(n ("E#S" . 8» 
(n ("C#S" . 8» 
(n ("F#S" . 16» 
(n ("C#S" . 16» 
(n ("A#4" . 16» 
(n ("F#4" . 16» 
(n ("OS" . 8» 
(n ("B4" . 8» 
(bar 3 n ("F#S" . 8» 
(n ("C#S" . 8» 
(n ("OS" . 8» 
(n ("B4" . 8» 
(n ("F#S" . 8» 
(n ("C#S" . 8» 
(n ("OS" . 8» 
(n ("B4" . 8» 
(bar 4 n ("F#S" . 8» 
(n ("OS" . 16) t 3) 
(n ("ES" . 16) t 3) 
(n ("C#S" . 16) t 3) 
(n ("A#4" . 8» 
(n ("04" . 8» 
(n (liES" . 16» 
(n ("C#S" . 16» 
(n ("A#4" . 16» 
(n ("04" . 16» 
(n ("A#4" . 8» 
(n ("E4" . 8» 
(bar S n ("C#S" . 8» 
(n (0 . 8) rest t) 
(n (0 .4) rest t) 
(n (0 . 2) rest t) 
(bar 6 n (0. 1) rest t) 
(bar 7 n (0.1) rest t) 
(bar 8 n (0.4) rest t) 
(n ("F#4" . 8» 
(n (0 . 8) rest t) 
(n ("F#S" . 8» 
(n (0 . 8) rest t) 
(n «"F#4" "C#4") . 8» 
(n (0 . 8) rest t) 
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(bar 9 n (0 . 8) rest t) 
v4 CLARINET 
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(bar 1 n (0 . I) rest t key "B" modus "min" meter (4 4) mm 120 q ("F#tI tlA#" "C#") 
channel 4) 
(n ("E#5" . 8» 
(n ("C#5" . 8» 
(n ("F#5 t1 . 16» 
(n ("C#5 t1 . 16» 
(n ( tlA#4" . 16» 
(n ("F#4" . 16» 
(n ("G5" . 8» 
(n ("B4t1 . 8» 
(bar 2 n ("F#5" . 8» 
(n (0 . 8) rest t) 
(n ("E#5" . 8» 
(n ("C#5" . 8» 
(n ("F#5" . 16» 
(n ("C#5" . 16» 
(n ("A#4" . 16» 
(n ( tlF#4" . 16» 
(n ("G5" . 8» 
(n ("B4" . 8» 
(bar 3 n ("F#5" . 8» 
(n ("C#5" . 8» 
(n ("G5" . 8» 
(n ("B4 II • 8» 
(n ("F#5" . 8» 
(n ("C#5" . 8» 
(n ("G5" . 8» 
(n ("B4" . 8» 
(bar 4 n ("F#5" . 8» 
(n (0 . 8) rest t) 
(n (0 . 4) rest t) 
(n (0 . 2) rest t) 
(bar 5 n (0 . 8) rest t) 
(n ("G4" . 16) t 3) 
(n ("E4" . 16) t 3) 
(n ("C#4 t1 . 16) t 3) 
(n ("A#3" . 8» 
(n ("G3" . 8» 
(n ("E4tt . 16» 
(n ("C#4" . 16» 
(n ("A#3" . 16» 
(n (ttG3" . 16» 
(n ("A#3" . 8» 
(n ("E3" . 8» 
(bar 6 n ("C#4tt . 8» 
(n (0 . 8) rest t) 
(n (0 .4) rest t) 
(n (0 . 2) rest t) 
(bar 7 n (0 . 1) rest t) 
(bar 8 n (0 . 4) rest t) 
(n ("F#4" . 8» 
(n (0 . 8) rest t) 
(n ("P#5" . 8» 
(n (0 . 8) rest t) 
(n «"C#4" "A#3") . 8» 
(n (0 . 8) rest t) 
(bar 9 n (0 . 8) rest t) 
v5 BASSOONS 
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(bar 1 n (0 . 1) rest t key liB" modus "min" meter (4 4) mm 120 q ("F#" "A#" "C#") 
channel 5) 
(n ("E#4" . 8» 
(n ("C#4" . 8» 
(n ("F#4" . 16» 
(n ("C#4" . 16» 
(n ("A#3" . 16» 
(n ("F#3" . 16» 
(n ("04" . 8» 
(n ("B3" . 8» 
(bar 2 n ("F#4" . 8» 
(n (0 . 8) rest t) 
(n ("E#4" . 8» 
(n ("C#4" . 8» 
(n ("F#4" . 16» 
(n ("C#4" . 16» 
(n ("A#3" . 16» 
(n ("F#3" . 16» 
(n ("04" . 8» 
(n ("B3" . 8» 
(bar 3 n ("F#4" . 8» 
(n ("C#4" . 8» 
(n ("04" . 8» 
(n ("B3 tt . 8» 
(n (ttp#4" . 8» 
(n ("C#4" . 8» 
(n ("04" . 8» 
(n ("B3" . 8» 
(bar 4 n ("F#4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 4) rest t) 
(n (0 . 2) rest t) 
(bar 5 n (0. 1) rest t) 
(bar 6 n (0 . 8) rest t) 
(n ("03" .16) t 3) 
(n ("E3 tt . 16) t 3) 
(n ("C#3" . 16) t 3) 
(n ("A#2" . 8» 
(n ("02" . 8» 
(n ("E3 tt . 16» 
(n ("C#3 tt . 16» 
(n ("A#2" . 16» 
(n ("02" . 16» 
(n (ttA#2" . 8» 
(n ("E2" . 8» 
(bar 7 n ("C#3" . 8» 
(n (0 . 8) rest t) 
(n ("F#2" . 8» 
(n (0 . 8) rest t) 
(n ("C#3" . 8» 
(n (0 . 8) rest t) 
(n ("F#2" . 8» 
(n (0 . 8) rest t) 
(bar 8 n ("F#3" . 8» 
(n (0 . 8) rest t) 
(n (0 . 4) rest t) 
(n (0 . 4) rest t) 
(n «"F#2" "F#3" "A#3") . 8» 
(n (0 . 8) rest t) 
(bar 9 n «"Bl" "B2") . 8» 
v6HORNS 
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(bar 1 n (0. 1) rest t key "B" modus "min" meter (4 4) mm 120 q ("F#" "A#" "C#") 
channel 6) 
(n ("E#4" . 8» 
(n ("C#4" . 8» 
(n ("F#4" . 8» 
(n (0 . 8) rest t) 
(n ("G4" . 8» 
(n ("B3" . 8» 
(bar 2 n ("F#4" . 8» 
(n (0 . 8) rest t) 
(n ("E#4" . 8» 
(n ("C#4" . 8» 
(n ("F#4" . 8» 
(n (0 . 8) rest t) 
(n ("G4" . 8» 
(n ("B3 II • 8» 
(bar 3 n ("F#4" . 8» 
(n (0 . 8) rest t) 
(n ("G4" . 8» 
(n ("B3" . 8» 
(n ("F#4" . 8» 
(n (0 . 8) rest t) 
(n ("G4" . 8» 
(n ("B3" . 8» 
(bar 4 n ("F#4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 4) rest t) 
(n (0 . 2) rest t) 
(bar 5 n (0 . 1) rest t) 
(bar 6 n (0. 1) rest t) 
(bar 7 n (0 . 1) rest t) 
(bar 8 n (0 . 2) rest t) 
(n (0 . 4) rest t) 
(n «"A#2" "C#3" "F#3") . 8» 
(n (0 . 8) rest t) 
(bar 9 n (0 . 8) rest t) 
v7 VIOLINS 
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(bar 1 n (0. 1) rest t key "B" modus "min" meter (4 4) mm 120 q ("F#" "A#" "C#") 
channe17) 
(n ("E#5" . 8» 
(n ("C#5" . 8» 
(n ("F#5" . 16» 
(n ("C#5" . 16» 
(n ("A#4" . 16» 
(n ("F#4" . 16» 
(n ("G5" . 8» 
(n ("B4" . 8» 
(bar 2 n ("F#5" . 8» 
(n (0 . 8) rest t) 
(n ("E#5" . 8» 
(n ("C#5" . 8» 
(n ("F#5" . 16» 
(n ("C#5" . 16» 
(n ("A#4" . 16)) 
(n ("F#4" . 16» 
(n ("G5" . 8» 
(n ("B4" . 8» 
(bar 3 n ("F#5" . 8» 
(n ("C#5" . 8» 
(n ("G5" . 8» 
(n ("B4" . 8» 
(n ("F#5" . 8» 
(n ("C#5" . 8» 
(n ("G5" . 8» 
(n ("B4" . 8» 
(bar 4 n ("F#5" . 8» 
(n ("G5" . 16) t 3) 
(n ("E5" . 16) t 3) 
(n ("C#5" . 16) t 3) 
(n ("A#4" . 8)) 
(n ("G4" . 8» 
(n ("E5" . 16)) 
(n ("C#5" . 16» 
(n ("A#4" . 16» 
(n ("G4" . 16» 
(n ("A#4" .8» 
(n ("E4" . 8» 
(bar 5 n ("C#5" . 8» 
(n (0 . 8) rest t) 
(n (0 .4) rest t) 
(n (0 . 2) rest t) 
(bar 6 n (0.1) rest t) 
(bar 7 n (0 . 1) rest t) 
(bar 8 n (0 . 4) rest t) 
(n «"F#4" "F#5") . 8» 
(n (0 . 8) rest t) 
(n «"F#5" "F#6") . 8» 
(n (0 . 8) rest t) 
(n «"F#4" "A#3") . 8» 
(n (0 . 8) rest t) 
(bar 9 n (0 . 8) rest t) 
v8 VIOLAS 
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(bar 1 n (0. 1) rest t key "B" modus "min" meter (4 4) mm 120 q ("F#" "A#" "C#") 
channel 8) 
(n ("E#4" . 8» 
(n ("C#4" . 8» 
(n ("F#4" . 16» 
(n ("C#4" . 16» 
(n ("A#3" . 16» 
(n ("F#3" . 16» 
(n ("G4" . 8» 
(n ("B3" . 8» 
(bar 2 n ("F#4" . 8» 
(n (0 . 8) rest t) 
(n ("E#4" . 8» 
(n ("C#4" . 8» 
(n ("F#4" . 16» 
(n ("C#4" . 16» 
(n ("A#3" . 16» 
(n ("F#3" . 16» 
(n ("G4" . 8» 
(n ("B3" . 8» 
(bar 3 n ("F#4" . 8» 
(n ("C#4" . 8» 
(n ("G4" . 8» 
(n ("B3" . 8» 
(n ("F#4" . 8» 
(n ("C#4" . 8» 
(n ("G4" . 8» 
(n ("B3" . 8» 
(bar 4 n ("F#4" . 8» 
(n (0 . 8) rest t) 
(n (0 .4) rest t) 
(n (0 . 2) rest t) 
(bar 5 n (0 . 8) rest t) 
(n ("G4" . 16) t 3) 
(n ("E4" . 16) t 3) 
(n ("C#4" . 16) t 3) 
(n ("A#3" . 8» 
(n ("G3" . 8» 
(n ("E4" . 16» 
(n ("C#4" . 16» 
(n ("A#3" . 16» 
(n ("G3" . 16» 
(n ("A#3" . 8» 
(n ("E3" . 8» 
(bar 6 n ("C#4" . 8» 
(n (0 . 8) rest t) 
(n (0 . 4) rest t) 
(n (0 . 2) rest t) 
(bar 7 n (0 . 4) rest t) 
(n (tlP#3 t1 . 8» 
(n (0 . 8) rest t) 
(n (tlC#4t1 . 8» 
(n (0 . 8) rest t) 
(n (tlP#3 t1 . 8» 
(n (0 . 8) rest t) 
(bar 8 n ( tlF#4t1 . 8» 
(n (0 . 8) rest t) 
(n (0 . 2) rest t) 
(n (tlC#3t1 . 8» 
(n (0 . 8) rest t) 
(bar 9 n (0 . 8) rest t) 
v9CELLOS 
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(bar 1 n (0 . 1) rest t key "B" modus II min II meter (4 4) mm 120 q ("F#" "A#tI ItC#") 
channel9) 
(n ("E#4" . 8» 
(n (tlC#4" . 8» 
(n ("P#4" . 16» 
(n ("C#4t1 . 16» 
(n (ltA#3" . 16» 
(n ("F#3 t1 . 16» 
(n ("04t1 . 8» 
(n ("B3" . 8» 
(bar 2 n ("P#4" . 8» 
(n (0 . 8) rest t) 
(n ("E#4" . 8» 
(n ("C#41t . 8» 
(n ("P#4" . 16» 
(n ("C#4" . 16)) 
(n ("A#31t . 16» 
(n (ltP#3" . 16» 
(n ("04" . 8» 
(n ("B3" . 8» 
(bar 3 n ("P#4" . 8» 
(n ("C#4t1 . 8» 
(n ("04" . 8» 
(n ("B3 II • 8» 
(n ("P#4" . 8» 
(n ("C#4" . 8» 
(n ("04" . 8» 
(n (tlB3 II • 8» 
(bar 4 n ("F#4" . 8» 
(n (0 . 8) rest t) 
(n (0 .4) rest t) 
(n (0 . 2) rest t) 
(bar 5 n (0 . 1) rest t) 
(bar 6 n (0 . 8) rest t) 
(n ("03" . 16) t 3) 
(n ("E3" . 16) t 3) 
(n ("C#3" . 16) t 3) 
(n ("A#2" . 8» 
(n ("G2" . 8» 
(n ("E3" . 16» 
(n ("C#3" . 16» 
(n ("A#2" . 16» 
(n ("G2" . 16» 
(n ("A#2" . 8» 
(n ("E2" . 8» 
(bar 7 n (IC#3" . 8» 
(n (0 . 8) rest t) 
(n ("P#2" . 8» 
(n (0 . 8) rest t) 
(n ("C#3" . 8» 
(n (0 . 8) rest t) 
(n ("P#2 II • 8» 
(n (0 . 8) rest t) 
(bar 8 n (IF#3" . 8» 
(n (0 . 8) rest t) 
(n (0 .4) rest t) 
(n (0 .4) rest t) 
(n «IF#2" "C#3" "F#3") . 8» 
(n (0 . 8) rest t) 
(bar 9 n «liB 1" "B2") . 8» 
vlO CONTRABASS 
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(bar 1 n (0. 1) rest t key "B" modus "min" meter (4 4) mm 120 q ("F#" "A#" "C#") 
channel 10) 
(bar 2 n (0 . 1) rest 1) 
(bar 3 n (0. 1) rest t) 
(bar 4 n (0 . 1) rest 1) 
(bar 5 n (0 . 1) rest t) 
(bar 6 n (0 . 1) rest t) 
(bar 7 n (0 . 4) rest t) 
(n ("F#2" . 8» 
(n (0 . 8) rest t) 
(n (IC#3" . 8» 
(n (0 . 8) rest t) 
(n ("P#2" . 8» 
(n (0 . 8) rest t) 
(bar 8 n (IF#3" . 8» 
(n (0 . 8) rest t) 
(n (0.4) rest t) 
(n (0 .4) rest t) 
(n ("F#2" . 8» 
(n (0 . 8) rest t) 
(bar 9 n (IB2" . 8» 
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Appendix III 
Questionnaires and Other Documents 
This appendix contains a complete copy of all questionnaires, information sheets and response 
sheets used in both series of experiments. The specific items may be found on the following pages: 
First series of experiments 
Questionnaire 
Pre-experiment information booklet 
Second series of experiments 
Response sheet 
(It will be noted that only the first page of the response sheets is included in this appendix. All of 
the following pages were an exact replication of the rating scale section found at the bottom of the 
page.) 
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1 QUESTIONNAIRE 
PLEASE TICK ALL APPROPRIATE BOXES DDD 
Q1. What is your age? 
Q2. Have you ever had any music education? 
if your reply is no, please proceed to Q. 4 
18 - 25 0 2/1 
26 - 30 0 2/2 
31- 40 0 2/3 
41- 60 0 2/4 
61+ D 2/5 
yes 0 3/1 
no D 3fl 
Q3. Your music education includes: GCSE music 0 4/1 
please tick all that Associated Board Performance above Grade 5 0 5/1 
apply undergraduate study 0 6/1 
postgraduate study 0 7/1 
Q4. You are: 
Q5. To how much music do you listen each week? 
recorded, broadcast, or in live performance 
Q6. You enjoy listening to: 
please rank your preference using 1 to denote 
your top preference 
Q7. Do you play an instrument regularly? 
if your reply is no, please proceed to Q.I0 
Q8. Do you perform regularly with your instrument? 
Q9. Do you earn your living with your instrument? 
QlO. Would you enjoy an opera aria performed with the 
accompaniment of a Karaoke machine? 
asswne that the singer is excellent 
male 0 8/1 
female 0 8fl 
less than 1 hr 0 
1 - 4 hrs 0 
4 -7 hrs 0 
7 - 14 hrs 0 
more than 14 hrs D 
rock music 0 
pop music D 
jazz music 0 
classical music 0 
9/1 
9fl 
9/3 
9/4 
9/5 
10/1/2/3/4 
1111fl/3/4 
12/1fl/3/4 
13/1/2/3/4 
yes 0 14/1 
no 0 14fl 
yes 0 15/1 
no 0 15fl 
yes 0 16/1 
no 0 16/2 
yes 0 17/1 
no 0 17fl 
don't know 0 17/3 
Thank You for Filling out this Questionnaire 
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INTRODUCfION 
The task I want you to carry out requires you to explore and set the levels of several graphically 
displayed slider controls on a computer screen. The slider controls influence various aspects of an 
expressive performance of short pieces of music. To help you prepare for the task, please read the 
following preamble. 
PREAMBLE 
Imagine for a moment an individual who can perfonn an excerpt from a Shakespearean play 
without any inflection, intonation, and expression. Imagine that the individual has a beautiful 
voice, good enunciation and pronunciation. Now assume that you have the ability to influence the 
individual's peformance at will. You can add the missing expression, intonation and inflection by 
affecting the pacing, stresses and intonation of the indivjduals' speech. 
The above scenario is a model of the task which I want you to carry out. The source of the musical 
excerpts (parallel to the text of the play mentioned above) is a music file stored in the memory of 
the computer. The source of the actual sounds is an AKA I sampler which reproduces individual 
instrumental notes recorded by expert musicians. 
Instead of the Shakespearean play which is to be spoken, you will be listening to, and altering the 
performances of four music excerpts from Verdi's opera Otello. At first, the music will be 
performed without any expre~sion. Your task is to add expression - to create the best musical 
performance as you perceIve It. 
The facilities are provided by a computer program and various hardware. To influence the 
performance of musical excerpts you will use the screen display and "mouse" in front of you. The 
computer program enables you to use the mouse to set the level on slider controls which determine 
the expressive aspects. of the music excerpts you audition. ~he specific methods you should use to 
set the levels on the slIder controls, and the nature of each sIlder control are explained below. They 
will also be demonstrated to you. 
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INSTRUCTIONS 
In front of you is a computer monitor (screen) which is displaying a single image. The image 
displayed includes the control elements - sliders and buttons - which you will use to influence the 
performance of the musical excerpts. The computer display contains graphic representation of pink 
control buttons, the slider controls set to the zero position, words which identify the slider 
controls, numeric readouts which indicate the level or current value of each slider control, and a 
number of other graphic control elements (a printed image of the computer display is attached). 
Use the mouse to "click and hold" on one of the sliders. If you now move the mouse to the right 
or left, the slider will follow the mouse, and move accordingly. You will notice that the numeric 
readout to the immediate left of the slider you are moving, rises or falls in conjuntion with the 
movements of the slider. 
You will need to hear the effects caused by your alterations to the posi tion of the sliders. The 
procedure is as follows: 
1. Click and hold on a slider. 
2. Move the slider to the right to increase its effect, to the left to decrease its effect 
3a. Using the mouse, click on the pink control button "Init & Play" if you want to audition 
the music excerpt without any expressivity. 
3b. Using the mouse, click on the pink control button "Inil, Apply & Play" if you want to 
audition the effects of any changes you have made to the position of the sliders. 
PLEASE LET ME KNOW BEFORE YOU CLICK ON EITHER OF 1HE TWO PINK 
CONTROL BUTIONS. IT IS ESSENTIAL TIlAT I RECORD YOUR SETIINGS. 
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You are asked to use all of the following sliders and two of the pink control buttons. Please be 
aware that any slider you move may alter the effects of any other sliders that have already been set 
1. Pink Control Button "In it, Apply & Play" 
2. Pink Control Button "Init & Play" 
3. Slider "High Loud" 
4. Repetition-Articulation-Oro 
s. Slider "Phrase" 
6. Slider "Leap-Articulation-Oro" 
7. Slider "Punctuation" 
The Buttons and Sliders can be said to have the following functions (according to their numbers as 
listed above): 
1. This button applies the current slider setting to the music and plays it back for you to 
hear. 
2 This button will play the null setting. 
3. "High loud" adds increasing emphasis to notes which are higher 
4. "Repetition-Articulation-Oro" alters the duration of the first tone in a group of two. 
S. "Phrase" emphasizes the programmed phrase structure. 
6. "Leap Articulation" affects the length of notes performing melodic leaps. It is 
dependant on the leap interval. 
7. "Punctuation" affects harmonic appoggiaturas **. 
* * "harmonic appoggiaturas" refers to a particular harmonic progression. It occurs when a 
given han:no~y is used to emphasize the following harmony by the fact that the frrst 
harmony IS dIssonant, and creates a momentary tension which is immediately 
resolved with the following harmony. ' 
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Preliminary Considerations 
* All of the music you will hear is extracted from the orchestral parts of the Verdi opera 
Otello. Any alterations that you make to the given melody should be within the context 
of an orchestral musician playing his part in an ensemble, for the purpose of 
accompanying singers. The settings you choose therefore, should reflect the 
performance context. Simply put, the task is to alter all the sliders listed above so that 
the music sounds best. 
* Once you are happy with your settings, I will save your work. 
* There is no recommended approach to the task 
* Please remember that any slider you move may alter the effects of any other sliders that 
have already been set. 
* No alteration to a slider is also considered an implementation of the given slider. 
* Don't be afraid to click and move anything. You can't possibly damage it, break it, or 
blow it up. 
TUTORIAL 
Once you have reached this point in the document, and you feel more or less comfortable with the 
information provided above, please let me know. I will give you a short demonstration, and draw 
your attention to the salient expressive parameters which each slider alters. 
I will use certain words during the tutorial with which you mayor may not already be familiar. In 
order to establish consistency in vocabulary, I will review the terminology here: 
Accelerando 
Articulation 
Attack 
Beat 
Crescendo 
Diminuendo 
Interval 
Micro-Pause 
Phrase 
Ritardando 
Staccato 
term to denote a gradual speeding up of tempo 
denotes clarity and distinct rendition in musical performance 
the beginning or onset of a note or phrase 
the temporal unit of a given music composition 
term to denote an increase in volume 
term to denote a decrease in volume 
the distance in pitch between two notes 
a pause of less than half a second between two tones 
a section of a musical line, comparable to a clause or a sentence in prose 
term to denote a gradual slowing down 
a manner of ~erfonnance v:~ich short~ns .a note to less than half its printed 
duratlon - the remammg duratIon IS replaced with a rest 
When you tell me you are ready,. I will do the sam~ steps that you will execute for the experiment 
proper. At first, the computer Will perform a mUSIC excerpt for you which has no expression. 
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Then I will adjust the first slider to alter the expression of the music excerpt The computer will 
perform the music excerpt for you again, but with one expressive quality added to the previously 
expressionless perfonnance. I will point out the specific attributes of the music excerpt which 
were altered. I will repeat the procedure with each slider in turn, until you indicate that you can 
hear the alteration caused by the implementation of the given slider. 
Once the tutorial is finished, you will be given a short break, and then asked to begin setting the 
sliders for the first music excerpt yourself. 
SIMPLIFIED INSTRUCfIONS 
(for your reference) 
1. Click and hold on a slider. 
2. Move the slider to the right to increase its effect, to the left to decrease its effect 
3a. Using the mouse, click on the pink control button "Init & Play" if you want to listen to 
the music excerpt without any expressivity. 
3b. Using the mouse, click on the pink control button "Init, Apply & Play" if you want to 
audition the effects of any changes you have made to the position of the sliders. 
4. Alter all of the sliders listed above until you are satisfied with the result. 
PLEASE LET ME KNOW BEFORE YOU CLICK ON EITHER OF TIIE 1WO PINK 
CONTROL BUTTONS BECAUSE IT IS ESSENTIAL mAT I RECORD YOUR SETTINGS. It 
is sufficient for you to say "now" or "O.K." to indicate that I should record the settings. 
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Image of Computer Display Numeric Readout 
for Sliders 
Slider Controls 
Pink Control Buttons 
\ 
-0 lUI rules O.pol 
Appl~ r ;It,,{;,:,,:, II :"",:,,:,:,',::I~ High-loud 
Init & APP\ ) 0 ;ll "::::':':,;"'11",:,;:,,,:,:;,:::1' Mt'Jldic-Chargt' 
.. ' ~J 0 ' or::',::::::::::: II '::::::::::::::"IC Ijlrmonic-Chargt' Init, Apply & PIal} , ,'" ," ","', . 
~======~ 0 ;>H':,':',:::,::: II""::",,:,,,,:'I( Chromatlc-Chargt 
( Init & Play ) 0 0[,;,:,:",;,;;::, 1I",,;,,::;,,;:,:{o Futtr-Uphill 
( Savt' as... ) 0 O[ ,::", ';:!':' II ;:;,',::,::,:,:'10 Dur4ltion4l1-Contrut 
( Scalt : )~~ ,O[,::,::,:;,iii,: II,i,i::ii:,:i,::i'l~ Lt4lp-Tont-Our4ltion 
101 ,:,,:""':i:"III,iiii::i:i,:;ii:;I~ Doublt'-Dur4ltion 
()No-Sync IrO;--tIO~[,.f:~:'!:~1.i~:"~!!:~I~"!~."~"!!~!!!~!:!:~,,IO~P~hr~41:s;t------------------------------------
@Mtlodic-SI/ ne IrO:;-\:IO=[";i:::i':';:::::'i~i:i ~I~' :':"ii::,,::i;':::;~~;;IO ~P~hr~41:s::t'-:;P;::41;r4I:;b:o;:;la~:;B:ou:n:;;dl;:t:vt:;lj';5i::j:T::u;'rn:p:o:-s -;;O~.3~:Ni:t:)(t;;:b::o:::un:idi:sc~a;;;'t 
() Bar-Sy ne IcO)"1;>~I'::~i:'~";~::::~:' ~11~"~"i:;ii:~i::'~":~ .I,': Jpph;hr;:;a:;St;:-:FP;:41r;::41;bb:o 1i:41-;:B"Bo:u;n:rdlj;tV;,.:;IE6:-;;:T~ur;;n~p:oS;;2-;:AA;;m;Ps;;c~41~1.;-:4ii1.~a;t;stl 
Introduction 
o 01 !:!;! !:!:::':! II ':h!:!:':':!:!:lO Ltap-Artieulation-Oro 
o 10['i:',i'":;',,,: II '::i":':'i,;:;::IC Rtpt'tition-Artieulation-Oro 
o OHi:ii:i';";::' II iii::"":",::,11; Int'gallt's 
o 01 iiii,;:;;"",iLII ,',,:,i,:;:::i:,IQ High-Sharp 
o 10I"i':':':;;:,::: II :",::",,:',',:'1': Mix.d-Intonation 
o Harmonic-Intonation 
rotOI,',:':ii":,,i:: II ::;:;:,:ii::,::::IO Mtlodic-Intonation 
181 AO-Norm 
181 Dr-Norm 
o Dr-Norm-Bar 
1oI-0I'::'i,:i:i:'i:,i II,i:iiii"i::i'i:,I( F'inal-Ritard 
Trial: 
Number: 
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You will listen to perfonnances of four musical excerpts several times. You should imagine that 
you are hearing the orchestral accompaniment while attending an opera production. The musical 
excerpts you are about to hear are all extracted from opera repertoire. 
The quality of the perfom1ances may differ. You are asked to rate the acceptability of the 
performances in two contexts. Two rating scales are provided for each context. The first scale 
concerns the instrumental sound quality and the second scale concerns the musicality of the 
performance. 
• Please understand that you are not under test - there is no 'right' answer to these questions. 
• Ignore any preference for the musical extracts heard. 
• It is essential that your response to the final extract is as carefully considered as the frrst 
• Do not look at other's grades or communicate in any way with others. 
• Please indicate your rating with an X in the appropriate box - there is a ten second pause 
between the performances of each extract. 
The frrst excerpt you will hear are provided as a demonstration and an opportunity for you to 
familiarize yourself with the procedure. 
Thank you for participating in this experiment. 
Context 1 Context 2 
Professional 0 era Production Local 0 eratic Societ Production 
Instrumental Sound Quality Musicality ofPerfonnance nstrumental Sound Quality Musicality of Perfonnance 
Excellent 10 0 Excellent 100 Excellent 10 0 Excellent 10 0 
Very Good 9 0 Very Good 90 Very Good 90 Very Good 90 
Good 8 0 Good 80 Good 80 Good 80 
7 0 70 70 70 
6 0 60 60 60 
5 0 50 50 50 
4 0 40 40 40 
BOO 3 0 Ba1 3D Ba1 3D Ba1 3D 
Very Bad 2 0 VcryBad 20 Very Bad 20 Very Bad 20 
Unacceptable 1 0 Unacceptable 1 0 Unacceptable 1 0 Unacceptable 1 0 
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APPENDIX IV 
Music excerpts from the first experiment 
in notation 
Excerpts from the first experiment 
Excerpt A s-
Excerpt B F+ 
- I t· t d5 I J. J. 
I r<=,·f J J I ~. I 
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Excerpt C S+ 
I ~ i,#,! F' P 0 fell E Q 'f t If p 0 f e1] 
I~ 1,#, t ~w 'f t IF' p Of e:i 1ft" '[f IT I 
1* i,#, qr - I I 
ExcerptD F-
~ ~ i !l. ~. ~a 
u r. a 
" 
a 
~ 11 • 
- .... 
.-tJ- ~ "===W L...J.... ~ "=t=:;: I 
~ ~ i 11 ~. • a r--...... iliioo-u 
"'" • •• ~ • •• ... -. •• 
"\: 11 
t) I ~ "'" 
... •• 
........ ., .. T 
,3- ~ 
..... Iiiiiil: 
Excerpt Xl F+ 
- I t· t Ji I r p j J11 
I'&~r~b ErtJ~ r P IF qJiJiJ31l J. 
I ~ ~br~b 1· - II 
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Excerpt X2 S+ 
I' .#~ 2 J Om r 1 F r llt:l IjJJJ Clf! 
It ·I#~ F - - II 
Excerpt X3 S-
II 
--- --- q 
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Appendix V 
Final settings of all subjects 
from the first experiment 
In this appendix the settings arrived at by all subjects from the first experiment are given. 
The contents are: 
Final settings of musically trained subjects 
All excerpts and trials 
Collated according to excerpts 
Collated according to excerpts - only trial 3 
Final settings of musically untrained subjects 
All excerpts and trials 
Collated according to excerpts 
Collated according to excerpts - only trial 3 
307 
307 
312 
317 
319 
319 
324 
329 
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Final settings of musically trained subjects - All excerpts and trials 
.§.y'!?'j!?~1..L~ ............. :.~~p. .~-~: . .l.f~h ............. t.~P.. ......... l.P..~n~L).IIi.~.L ..... ~.s.~~p.t ..... ~ ................... . 
E01' 0' 0: 0: 1.51 01 11 4: 
t::·:·:·:·:·:::·:·:·:::::·:·:"J:·::·:·::·::.:·J:l::.:·.:·:·:·:·:·.:::···::~:·I::::·.:·:·:·:·:·:~:;~:F::::::·:::·~:lF::::::·:·:·:·i.·:::·~·r::::·:::·::·:·:·::::IJ::::·:::::::::::1[:::'::::::::::':':::' 
t:::::::::::::::::::::::·:.·:::::::::f::.:·::.::::.: :.:~:t::::.:::::::::::~t::::::::::~::~l::::::::::::g:;:~:l:::::::::::::::lt::::::::::::::::~:;:::::::::::::::::::: 
i ; 2. 1; 01 1: 0.5: 31 11 
I:::::::··::::::::::;:::::::::·::::::~:;·::: .:::::::::3r::::::·:::::::9.:!:::::::::::::::T[:::::::::::::jr::::::::::::::~T::::::::::::::gT:::::::::::::::::: 
~:::::,:.: ::::·:::i::· .::.:::.: .::~::::::~I::=::=:::h:::::::::~~~~t::::~l:::::::::::~t=:::::::: 
:~::9.?:::::::::':::::: ... :::?~:4·:::· .. ·::::::4·;:~L:::::::::~:;:~:~::::::::::::::::~L:::::::::9.:~~I:::::::::::::::I:::::::::::::::::~:;:::::::::::::::::::: 
, 4 4.6: 3.91 1.5: l.S1 1; 1: 
.. · .. ··· ........ · .. ··· .. ······· .. 1··:·:;.. .. .. "1 . 3·:········ .. ··1·:·2:-.. · .... · .. 1·:·31"' .. · ...... 0·:·9·: ........ ··· .... ··1 .. ;· .. · .. · ........ ·2·; ........ · ........ · .. 
1.::·:i1··· •• : .....•. : .····~,-~;~I: •• = •• ~;~E=.:aF.:.:~::.··:·]E:.::.=.:: •• 
, . 3.9 1.1 0.31 5: 5; 3: 2: 
it ::~~;1~·l:~·:·t.f..~:::~·~~!f::=~:~!F······f· .. · .. ·f~:·:·:·.~:~ .. : 
................... .: •••.•............. ~. ........ ..~ ....•....••.•••••••• :u .............. h •• )- .................... ; ...................................................... u .... . 
1-................... ; ................... , ................... ~ ................... L .................. L .................. : ................... ~ .................... ~ .................. .. 
t~~~:;:i'4 ·~rl:it::·:·:~~fE.=.l;!E:.:·:E..::.lE=·.::.:::::: 
I '4.7: 5: 1.1: 1.6: 4.9: 2' 2; I .... ·· .. · .... ·· ................................... , ................ , ...................................................................................................... .. 
I . 1.5 o. 3: 1.5; 4.1: 2; 31 I ...... ·· .......... , ..... . .... ....... ......... . ....................... ~ .................... , .................... , ........................................ , .................. .. 
i . 1.5 O' 2.61 2.5: 31 3: 3, I· ...... ·· .. ·······:··· .... 4":'1:'" .... 0·; .. ···· ...... · .. ·or .. · ...... 4·:'3'[ ................ 4T ...... ·· ...... ·:i~· ...... · .. · ...... 4·' ...... · ........ · .. .. 
t· .. · ....................................................... , .................... , .................... , ......................................... ; .................. .. 
: 3' 5· 4.5~ 0; 41 3: 1 1 
r~.~; .. -...... ~::' ....•. ~:.:c~.~F:·:::·.:.~E=.:;~!r .. ::.: .. ~~ .. ·::·.:~:::~.:::.:':::": 
t .................. ~.......... ..... ....... . ........................... : .... u .............. ) .................... ;. ............................................................. . 
••••••.•••• ~ •• · .. ·.·.:~'f'·.·:: i,:.J:jt~:: .. r::iL.= ... :~~iL::~ .. ~:::·.·:··.JE=:::::~:=: 
!;.;i·~:: :i"I~:t;::i:!flt:!t!~!~!.ir~fj;~!ti:::;;;I}-...:;t:jt/:/:~;;it 
i:~::9.~:::::.:::::: .' .~::~.:' ::: :'1'. ~ ;: .. ::::::: .. l]L:::::::::::~:~:~r::::::::::::::~T:::::::::::::.iL::::::::::::::~:::::::::::::::::::::: 
L- . ._.-?..:.~: ..... ___ g O.S: 0.2: 0.61 31 4: 
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·E··1·4··············· ····0·. g';' ...... ·1·; .. ·· . ····oj3r·········1·~·5~·················oT······· .... ····1 .. ;··· ...... ·· .... ·2·~· .. ·· .... · .. ·· .. ·· .. 
~:15iii:::~2I~~7,!i~~;i;:lt!:~:!::1;II~ii~!~!ti!~;:I-::;j;~;;:~!~~~!i~:!j-:_ 
::::::::: ::::::::::::::. ':: .. : .. ~:::;,:, : .. :: .::.1: "~:l:::::::':::i~:i.t:::::::::::~:::gL::::::::::::::~:L::::::::::::::~:~ ::::::::::::::::~:::::::::::::::::::::: 
f ...... ·· ......... ; ............. 9 : ........... 0..: ........ .1..~.§.; ................ g.; ................ 9.~ ................ ~.L ............. ~.: ................... . 
I . ._3~ ______ ?. ._~ 4 ~ 0: 0 ! 3 ~ 1 : 
Appendix V - Final settings from the first experiment 291 
Appendix V - Final settings from the first experiment 292 
.~.~:~~!?J .. ~.t1~ .. "1":'~~ RAP. .. -.~ .: .. P.h··········1+~AP.······2+e~D~J·:·21.I.n ~ .1··· .. 1··!· E..~~P.L2·;···················· 
............... ~ .... : ................ ;::.: ............. g~.:.~.T .. · ................... ?J ............ ~ ......... g.~ .. ?.r ........ : ......... ·.· ... ·.·.· .. QT.·.·.· ... ·.~·.·.·.· ... ·.·.·.·.Q.T ... ·.·.·.· ..... · ............. ·.iT.· ........... · ................ rc ..... · ............... · ............ .. 
,2.5 0; 0.5; 1.Sj O.Sj 1! 4! 
· .. ······· .. · ...... ~ .. ····· .. ···o:·5:·· ·········0:·5\ .. ··· .. ··· .. 0·:·5'[' .. · .. · ........ ·01"'· .... · .. 0·:5\"· ...... · .... ··21"'· .. · .. ·· .. · .. 2'1"· .. · ............ .. 
•••••••• _ ••••••••••• ~ ••••••••••••••••••• ~...... ••••• • •••• ~ ................... ~ •• u .................. ~ ................. '.0 ~ .............. o ................ 0 ...... 0 ........ ~ ................... . 
: 1! o.s! 1.S; 1! a! 2' 1; 
~=~;-T--~lfl;~I_~;lit~;;:_:;i~t~~=~ii~:--:--ft:-:-:;;;·-~E~;:~:_:~ 
1 .. · .. ·· .. · .... · .. ··'[' .. · .. · ........ ','" ....... - ····;· ...... · ........ ···1" ................ ·'1' .. · ........ ·· .. ·· .. 1 .. · .. · .... ·· .. ···· .. ~ .................... ; .................. .. 
................... 1 ........ ......................................................... u ............. !o .............. • ...... :- .................... O' ...................... u •• u ............ . 
E 22 : 0.4; 1 i 1. sl 2. Sl 2. s ; 1 ' 3 : 
.................. ~ .......... · .. ··0·;···· ., ..... ··oT .. · .. · ........ ·oT .......... ·····oT ...... · ...... ··or ........ · .. · .. ·1 .. ~ .... · ........... '2.; .................. .. 
::::::::::::::::::::;::: .:: ::j:;~:;: .. :::::::::::::9T:::::::::I:~r::::::::i:;E:::::::::::g:;:~:C:::::::::::::i;:::::::::::::::I::::::::::::::::::::: 
I o· 0: 1.7: 1.S: O.T 2' 4: 
1:::J:f~L:1I~~,~F~:::~:fE.:.~.::::::];.::::.:::·::::: 
I . 1.5: 1. 1: 1.S: a: 3' 2: 
I·.-....... ·.-.-.· .......... .-.·~ .... .-.: .. .-.... ·· .... ?.-;.s·:.·" · ..· .... · ..... o.:.f~ .... .-.-...... .-.· ..... g.~·.~.l'.-.-.. .-.· ............. g.~·.~.r .... .-..... ~· ...... §.: .. §T ........ .-..... ·.· ......... · ... ~.·;.-...... .-.... .-.. .-.......... -.f;.-............ .-....... · .............. .. 
r 2' 0: o.sl 1.S: O.S; 3: 3: 
r~~;:~" .. : ..•...• ~... ··0 : ~::~~~r~~:·::~::~F~::::~::;!:::;:·:·:::;:::::::::::::: 
f· .. .-.... .-... · ....... · .... · ........ ··;.-.... ··········~··:·~···· ., ........ 0 .. ~·f ...... ·· .. ·.-·· ...... ·Q·;·f·r .. .-...... ··.-...... 9.·~·~.r.· ...... ·~~ .. ·· .... ~·.:.-~.C.-.. .-.... .-... · ....... · .... ~ .... :.-...... .-....... · ........ .-.· ... ~ .. i .................. .-.... .-.-.-.... .-.-.-
[: .................. ~.-.. ~ ....... ~ ... ~ .. ~ . '.' ."~ '·'~6 ~ ..... .-.- .... 6 . t:.-·~··~ .. ···· ........ ~·: .. ~·r.-.. .-...... ·· .... ~··.-.... ·~ .. L.-...... .-.... .-.. .-.. .-.. ~T .... .-.... :~ .. ~ .. .-.... :.-~·.:· .. :: .. ::  ............ .-.... ~ .. : ..... .-................................  
[·;:;T:g:!-;o. [f;-;~~Ir:·~:~~~L:-j:!f::;_~_:;.;:;;-;.;:f;:-·~-;;_:-.;:~ 
I , O' 03' 04: a! 03' 3: l' r~~j:I~4:~ :i3'~;·;;;~~~r:;;;j,iL~~_~jit:;: __ r:.:;;;;.-.;:.tt;;;_::;:;;;_::;_ 
i . 3.S: 0: 2.S[ 0; O~ 1 3: 
'-----.---.... --- -----'-. -----~-----_____ ___.J 
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Final settings of musically trained subjects - Collated according to excerpts 
Excerpt 1 
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Final settings of musically trained subjects - Collated according to excerpts 
Excerpt 2 
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Final settings of musically trained subjects - Collated according to excerpts 
Excerpt 4 
.§.~.I?l~g.tt tl~ -. -...... )3AP . ...... P.o ............ jJAP.. ......... l.p..~D~L ... l.Ir.i.~.I... ... ..1 
,.~. 91.... ... ...... . .... .0.. . ...... 0: ............. 9..: ............ 1 ..... ?.L .............. .9.L ........... J..! 
f ..... ·.·.·.·.· ... ·.·.·.·.·.·.· .. ~· .. :.·.··.. . ........ ~. .. . ....... ~.: ........................ · ... ~.L· ....... ·.~·.~·.· .. ~ .. ~.it.·.·.· ... ·.~~·.·.·.~.~·.~.r ............................ l·1 
E 02 2 0 0 . 9 ~ 1. 6 ~ a . 8 ~ 3 i 
.(9.f ............ L .. · .... · ..4j.·...... . ....... Q ............... · ......... · ......... 9.-.r ......... · ............ 1·.: .. ~r ..... · ......... ·.·.· ... ·.· ... 4.L ............. · ............. ~ ... \ 
E 04 . 1.2 0: 0.4: 0: 0.6: 3' §.giC:::: :......; ... : .... j. f:·::.HL:::.~IL::::::::~L::·~·.1 
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Final settin2:s of musieall trained sub· eets - trial 3 only 
I.·~.~·.~~.~.~n.·~~.:·.·.·~~:.;~~ .. ·.·.-:i.~·.~~.·~.·.·.·.·.· ..... g.t.~.~·.·.·.·.·j.j.·~.~.~·:J .. ;.§.· 
! 2~ 3.4' 2.7: 2.4! 01 1.5 
[.::.:.:.: .... :.:::::~:.:::::~: .... :.:~:.;.:}:: ... ::':·':':':j·:~:;:::::'::'::':':1:;:~:l:::::::::':i~~E':::':::'::~~:~~: 
5; 3.2: 0.4: 1.91 0.21 0 
::::::::::::::::§:~:::::::::::?':~J' .:·:: .. ::::::: .... ?::::::::::j:~:~::::::::::::::::::gr::::::::::g:;:~ 
7' 0.8· 1.3' 1.7: 0.3! 0.2 
················t3"~············2·:·5;· ··········3·. s';'" ·······2·:·~t···········1··:·6r·········2·:6· 
: 15' 3.3' 2.5 4; 0: 0 t::::::::":j:~::::' :::~i.f· .. : ..) ::6 ::::::::::::::·::9.:~:::::::::::9.:~:~r::::::::§·§ 
, 17 3 1.9 3! O! 1 f::nE~:~:·:. ··:J:i:l~¥E:.:~~:!F·:~:.-~.! 
~'''.'''.'.'.'.'.'.'.'""g·.i.;·.·''·.·.··::··''?·:''.7. :'.': ·.· ............ 1·.· .. j.·.~·.·.·.·.·.·· ... · ..... "j· .. ; .. ~T ... · ...· ..... ·.·.·.§;.~.r ..... · ...· ........... · ..... · ...f 
: 22i 2.5' O.T O.S! 0.51 0.5 1'············2·3"[" .. ·· ...... o· . "'0'. 3·:···········0·:4'·················0")"········ .. 0·:·3 
r'" ........ 2·4~ .. ····· ······· .. 5·~. ___ .:~· 4(" ........ i" :·8T"·· .. ···· ...... 3"[" .... ··· .... ·· .. 0· Excerpt 1 
1.§.\J.~l~.c~ }i1,. .... :.~.~ .. ··RAp-·: .. : .. p.~ ............. ;JAP ......... j.e.\JD.9.L .. . 
. 1. 2 l' 0: 1! 1 
::::::::'.::::::?::::: :: ... ~:;:~ :.' . :':1 .. 1 ;:: .. ·:::::::9:;:~:;::::::::::::::::~:r::::::::::::::::~: 
3: 4.7 4.9 0: 1! 5 
lilf-H;:t~~iJ~::~~~~F:~i:-~ 
:::::::::.:::::::f:::::::.:} .. 5 .::". ::::.~ :~:;:':::. ":'~~:~::::::::::::i:~L::::::::I:?: 
i 9' 2.3 1.8' 0: 0.8: 0 
1::::::::.::::1::9::::·... :.O)~'. '.:: .. 2 :.:.:·:: ... ::q:;:~:::::::::::::9.:~~:C:::::::::::::?: 
! 11 0.6 3.1' 0.4: 1.4! 0.4 
[.:.:.:.: ....... :.:.J: .. ~~:.:.: ....... ?::~.. .: 6: ~.:.: .. :.:.: ... : ...·.~.~:.~~:.:.:.:.:.:.:.:.:.:.:.:~:.~lr.:.:.:.:.:.~~:.:.:~:;.l 
I 14' 0.5 0.7: 0.5\ O! 1 [:1];.· .... J:!: ...... ::-·~:~f.·.::·.·:.~rE~F.:.::.} 
f .......... ..1 .7~ .......... g.. . .0. 9.~ ......... g.:.1.L .......... 9..~.~L ............. .9 .. 
: 18: 2.9 0.7: 0.5! 0.6! 0.6 t ...... · .. ·•··· .... , .. · ....................................... , .................... , .................. .. 
1 .. ··· .... ····1~·~· .... 9 .. ; ....... o·r· .. · ..·· .. 0·:~1········· .. ·9·:·N···· .. ··········~· 
t·· .. ······ ·············~·I;· .. ··· .. ~.:.~ -- . . . ~ : ............... q~··f··l.· ... ·.·.· ... ·.·.· ..... ~.·.~·~.r.·.·.·.·.·.·.· ..... ·9. .. : ..~. 
[ ........................ ~ ~ .. : ..... _~_' .~':~ .• ~ ___ 0. :.:~~ ...... ·: .. g·~ .. ~T ........ ·· .. ·· ...... ·~··~·~l·· .... ·· .. ···· .. ·· .. ·~ .. i·~ .. l Excerpt 2 
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r·§Y9j~C{G~·~·~~::~ ;.-RAD. . ~·~p.~"""""olb~P"""1"f.P.YD.~':5' 
I········ .. ··········:····················, .. ·· ··············•······· .. ·· .. ······.····················i ................... . 
I 2' 1.8: o· 11 4: 1.2 I· .. ·········· ...... ·:··········· ...... > .................................. ; •••••••••••••••••••• , •••••••••••••••••••• 
3, 1.5' 0: 2.61 2.51 3 
::::::::::::::::~E::::::::::::::.:?·:::::·:::::::·:.::o:L:::::::::9.:;:~L::::::::::L§.r:::::::::Q:~~: 
51 1.2· 0.9: 3.11 01 0.3 
:--!t-i~:foJ:::iI~I!~::~:~:!t::~~f:~J 
I 9. 0 0 01 0.11 0 
1:::::::::::::1::9.:::: .. : ::.:9.:;~":::.:::::: .. :·:g::::::::::::::::::1:r::::::::::ii.;:i.L:::::::::Q:;:;i: 
11: 0.2: 1.5. 0.51 0.61 1.3 
:::::::::::j:?::::::·:·::::i;:~ :.·::::·:::::?·:·~:::::::::::::~:;:~L:::::::::?:;:n::::::::::TI 
~:::::::::::}~:t:::·:::·:J::t ..... :::::~ '.~ :::::.:::::::~:J;::::::::::::ii.;~:l::::::::::::~:::~: 
15: O. O' 1.51 21 0 
::::::::::::i§~:::::':'::':9:;:6:: .. :· .. : .. 1"6.::::::.:::.:::.:§[.:::::::::::L?:~::::::::::::::::1:: 
17: 0: O' 0.51 1.51 1 
I::::::::::::if::.:.:::·:·i::~·::· ... ::.:0. 6:::: .. :.:::·:f:?;::::::::::::::::iC:::::::::Q:;:~ 
19' 2.5 0.5. 1.1: 0.8: 0.8 t· ...... · .......... " ... , . ...... . ................. , .................... , .................. .. 
, 20: l' 0 0; 21 0 t·.... .............. ..... . .. , . ... . ........ .......... , .................... ~ .................. .. 
, 21. 0 o· 0.3: 01 1 
t:::::::.::::?:?::::: .. : :. : :j~': 0.:':: ::. : :Q;.~j:::::::::::i:~L:::::::::Q:;:~ 
I 23: 0.4 O· 0.2= 0.11 0 I .... ·.. .................... . ..... . ................ , .................... , .................. .. 
I 24: 5 .. ~_ .. _ .. q. 2.6: O! 0 Excerpt 3 
.§.!-!.~i~C1.t~.!1I,. ...... ..... : .RAP'. . .J?r ............. l .. ~P ......... j.P..!-!.Q.9.L .. . 
1: l' 0: 0\ 1\ 0.3 
.............. ·2·t .... .......... 2: .. .... . o ...... · ...... ·oj{ .......... ·1 .. :·Sr .......... ojj· 
r··························::··~··:··················{·1 :". . ......... '.~ ...... ·.· ..... :.·· .. ~·.:.~r······:······ .... 1 .. ;·~·r·········· ............ ~ .. ~~ .. 
c.·.·.· ..... ·.· .. ·.·.· ..... ·.5.L... ..... . 2 ..5 . .... .. 0 ~~" .. " .·.· ... · .... Q .. :iL.·.·.·.·.·.·.·.·::.Q.~?.r:.·.·.·::.·.·.· .... ~?'.: .. ~ .. 
; 6: 2.2 0.6 0.9: 0.7: O.S t .... ·· ...... · ........ . ....... ... . ............... , ................... ) ................... . 
, 7· 0.5 0 11 0.31 1 f·:]·:.·····.··~:~. . ~:j~~E:::aF.~:~·~:I 
10: 0.4: 0: 0.61 0.71 1.1 
r:.·.·.·.· ....... ·.·.ij.·;·.· ... ~ ...... · ..9.: 6 . ". ..... , ... :·.· ......... ·.·.· ... 9.·.: .. §T ..... · ...· ......... ·.T·; .. ~.T:.· ..... · ........... ?.: .. ~ .. 
1 12. 3.7 1.1· 1.71 1.2; 1 
1 ...... · ...... 1 ..3'[' .. · .... 1·:8. .... '6: ...... ·0:·2·: .... ·· .. · .. ·0':·2;· .......... ·0·:·2· 
1 ............ ·1 .. 4; .... ·· . 1':5: .... 0 .. · .. · .... · .. o·>ir .......... · .. · .. 1T .............. ·,.. 
r.·.·.· ...... ·.·.· ... ·.· .. f.s..~·: ...... · ..... 4 ... 5 .... . .... '0 .: ........ · ............ f.:.iT.· ....... · ..... ·.·.· ..... · ... ·.Q3.· ......... ·.·.·.· ............... 9. .. 
! 16' 0.9 1.4. 0: 1. r 0.3 r·...... ............. ... .... ... . ................. , ........................................ . 
r 17: 3.5 0 0.9: 0.9: 0.7 Ill' : '.: .~ 'f: O.~ - .......• -O·!f .. -··~::lE~ .. ··~~l 
I........ .............. ..... .... .. .. ................ , ........................................ . 
I 21' 2. 0 0.2: 1 i 3 
f"n: '~I '._. r~;;f .... i:lE··· .. ~ij·~·1 Excerpt 4 
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Final settings of musically untrained subjects - All excerpts and trials 
.§~.9i.~.9.t.) .. ~ ............. : .. ~Q ........ ;.P.b .......... ).!:AQ .......... l.Ey.f.1.9~ ..... ~.I.r.l.~!.. ..... ~ .. ~.~.9.p.1 ..... i ................... . 
N 01: 0 3.5: 0.51 2.5! 0.3! 1 \ 4\ 
................... ,........ • ••••••••• : ••••••••••• ••••• ~ .................... : ..................... ~ ..................... :- ................... "' .................... ~ .... n ............... . 
2: 0; 0.9\ 0.4~ 0\ 1 ~ 2\ 
t-·::.~~T-~l::1;-1::'}I;:-~:;~L~;;~~!~~L:::;;;;~I;:::~;~-~1~~:~~::;~ 
I. : 11' 1: 03~ 05: 0: 3i l' t~·~·~:.l=:.I:~;HF:j~·~E~JE:~~:~E:.:::.JE:::.::.:.::E:~:::~~~= 
I . 2.5. 2: 1.2\ 1.7! 1.1\ 3; 4: 
"~[~~-!/{;;o:t,;~(;;:;:_·i{-=i;::~if-~~ii~,ir:.:~·;-!!I[:i:~:it=-!://~-!j 
I . O' l' 3: 1: 2: 2: 3: \............................... .........•.. .. .... .•................. ~ ................•... : .................... , ............................................................ . 
, 2 3: 2: 4 i 0.5\ 2 i 2 r-::~~:~' f:9·~F.:··:=~I=~=..::·~E:::IL::::=~F::::::.::::::·:: 
I . 0 1 : 1 i 1 : 0.5: 3: 1 : I .. ·· .. ·············· .. · .. · ............. '" . ..... . .................... ~ .................... , .................... , .................... , ........... , ....................... , .... . 
. 0 1: 1i 2\ 1\ 3: 3: 
.:~:.:.~~:.:.:.:.:.:.:.:.::.:.: .... :.:.: ... :.: .. :.: ... :'~ ::.: .... : .. : .... :.:: :' :O .. :···:··:·:·:·:·:·:·:::~:;·:~r:·::·:·::·:·:·:·:·~·:~·:~:E::·:·:·::·:·:i::·~·r:·:·:·:·:·:·:·:·::·:·:···:·:i!,:':':':'::':':':':::':':':':'iI":':::':':':':::':'::::::':: 
: 2 3.5. 1.5: 2.5: o! 1 . 1 : 
".::::::::::::::::::::;::::'.: ::::::.:9 : ...... ::'~., 5.;::':. ·:::::9.~:§r.:::::::::::?:;:~:L:::::::::9:;:~T::::::::::::::i:::::::::::::::::~L:::::::::::::::::: 
2.5 1· O~ 2.5~ 0.5: 2: 2: 
I . 5 4' 3.1! 2.7: 2.6: l' \ 
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.§.~~j~9.L~.H!:-............. ~.~p..:~ ... ;.P.h ............. jJAP. ....... ..! . .P..~n.9.L ... l.n.!~.L ...... ~.~.~9P.L..+ ................... . 
N11 ' 0.7: 2.1, 1.9! 1.1! l.S! 1! 2: 
•••••••••••••••••••• ~ ••••••••••••••••••• : ••••••••••••••••••••••••••••••••••• u •• ~ ••••••• u ........... ~ ••• u ••• n .......... : .................... r .................... ~ ••••................ 
. 3: 1.2: 0.2\ 2.21 11 11 4! 
:::::::::::::::::::::::::::: .. : q:;:g.:: ..... ::::::: .~:~::::::.:::::Lic::::::::::::::?r::::::::::Q:.:~r:::::::::::::::n:::::::::::::::::~T:::::::::::::::::: 
: O· 2: 0.8! 1.4! O.S! 2! 4! 
N12, o· 0, 1.91 O! 2.41 11 4: 
: ............... : .................. : ..... : .. :::::: .. :::::i~ .. ~.: ... ::.·:::g·::3..~·::::::··::T:§T: .. : ........ ::::::::.~.T: ..... · .... :.· .. :::: ..... 9.J ..... · ......... ·::.·: ..... 3:r:: ........ : .... : .... ::IC .... ::::::: .. :.~ .... : ..  
1,"_;:;;:-j·r;T~ir_~"_~:;~it_~·_:i~t··:·;;lf.;:;·";l:;;j_::_:;_::";:_ 
: 0 O' 0: 0\ 0\ 3: 3' I·························· . ......... , ............... , .................... , .................... , ........................................ , ................... . 
I : 2.8 0: 0.2! LSi 2.4\ 3: 2: 
................... ,..... .. .. · .... 0 :.., ... 0 ............ ···O·; .... · .......... ·oT· ...... · .. · .... Or· ...... · .... ···:i: .............. · .. ~(· ................. .. 
••••••••••••••••••••• '0' • ••• •••• o. ·0_· ••• • • ••••••••••••••• -0- ·f· .. ······ ············~· .. ···· .. ·· .. ······.l· ............... 0 ••• < .................... ~ ................... . 
:.~-~~;:~::tl!irr~ii~~:1[::~:lf~:""~~~~f:f~~~::~"1I":~~~:;:~~~~~:~~:;;:::.;~~ 
: 0 0' Ol 0: 0: 2\ 3: 
;.":::.. •••. :.ij.~ ...• : ... :. ~: {. ··~;~F.·.~:~E.::.i1E··:: .... ~.·: .... ·.~:·:::·:·:.:::.:: 
l .................. , ........ .9.:.?..... 0 ........... 'O.:.?~ ........... 9..·.g.L. ......... 9..·.?L ............... ~ .. \ ................. ? .................... .. 
! . 0 0 0\ 0: 01 3! 4' 
. 1 3 1 1: 01 0: 0 7 1 2: 2: [:::rr:ti:.r!:tf.~l:·~f:~~~~:~I:::~i!;:·lE:::::::·::: 
! 1 .9 0 . 0 : 1 .7: 0 : 3· ........ · .. f .................. .. 
1::::.: : .:::: .... ::.. .. .. 3 ~1 .. 0. 7 :.: : . :.:":::9.:::::::::.::::::::9.:[:::::::::::::::'9-::::::::::.:::::::~::::::::::::::::::t:::::::::::::::::::: 
1~!15;::: .·:l~.. .. ... . !:.~·.~~:I!;;;lr:;;~:~i:lf::;";~!:i/;)m:II;~:~:!;:~~:;~-; 
r::·::. :·.:·J.·f •.•. .0.; :· •• :.··:·::{c:IiI·· ... ·;~~:··":JF·.:.t:·::::: ..... ··: 
'--________ .. ..... - ,0.9.;3 1· 
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.§.~9j~9.L.~ ............ ; !3A.P... . ... t.p.Q ............. L~.p. ......... ).?.~D~L ... j.I.r.i..~.L ..... ~.~.~9P.L ... . 
N16 : 1.1: 0: Oi O.4i 0.9i 1! 4 
1·::·T!i~·tFi;~f-~:::::::Q1f==:·j~~r:···:·"1E····l 
.::::::::::::::::::::::::.·: ... ::·Q:;.S·:: .:.:::':0. 7:~:::·::::::::::::9.L:::::::::9.::§I::::::::::::::::Q:L::::::::::::::gT:::::::::::::::{ 
: 0: l' 0.3: 0.7: 1: 3: 3 
;::~/t\t;;i:~:~;i;~~o }"t;;~~l~--~~:j~J.rf:·):~t~{:/.t.;;F/?t.}: 
N17, 0, 3.9: 2: 2.1: 2.8: l' 1 
:::.·.·.·.· .... : ... · ..::::.· .... ~·.· .... ·· ........... ij ... ~·: · .. · .............. ···O ... ~· ........ :: ...... j~·; .. 4 .. r ............ : .. :: ...... : ... gr: ............ :: .. : .... :.gT:: ........................... f.~ ..... · ...·: .... :.· .......... i 
: l' 0: 2.5: 1.7: 1.3' 1 2 
· .. ··· .. · .. ····· .. ··; .. ··········1··:3·;· .......... 0 .. :· .. · ...... ··· · .. (jT ...... ·· ........ O·; .... · .. ····· .. ··O·;··· .. · .. · .. ··· .. 2·:··· .... · .. ···· .. S· 
:::::::::::::::::::;::::::::.:·:L~ :.: .. "::::.: 'q :::::·:::::·:Q:;:~:C:::::::::L1:[:::::::::::g:·:~r:::::::::::::::?::::::::::::::::::i. 
; 2.7 1.8: 1.8! 0.5; 2.9; 3 2 
r::::::·:::::::··:::;:::·:·:·:·j ;., .. : ...... ::: ... ·O·~:::::::·::·:::::9.r:::::::::::::::9.T:::::::::::::::Q:i::::::::::::::::~::::::::::::::::::~: 
, 1.1 O' 0: 0: 0: 3: 4 
f~i~~:~:·.·:··:··?':···· ••• :. :.:~.:['::~.;F:::: .. ~:!E:.:~:~·.: .. ::, 
· ...... ······· .. ···T .. ·· ····Oj3·:··· .. "0: S'; ....... ··4~·4r ........ ·3".·5T ........ · .. 2·:·5·:··· .... ··· ...... ·( ...... ·· .... · .. ·1 .. 
:::::::::::::::::::::::':.::'.':9.;'7":. :'::':. g.:::::::::.:::Q:;:~:C:::::::::::::g:(:::::::::::::::TC::::::::::::::,::::::::::::::::::::?: 
: 0.2' 2.7: 2.4! 2.2! 1.3! 2: 1 
............................. "0" " ... , . i'·· .. . , ··'·~·5;-...... · .... ··· .. 1·T .......... O·:·51" .... ·· .... ····2·;··· .......... ·"3' 
!.:.:.:.::.:.:.: .. :.:.:.:.::.:.: .... :::: .. : ...... :.~.:.:.. .' ........ J .. f:·:·:·:··········:·:·{::~:r::·:·:·::·:·:·:·:}:~lr:·:·::·::·:·::·::r:~~r::·:·:::::·:·::·:·:·:·:~:·:::::·:· .. ::'::::':'::I 
1.5 1.2: 0.9: 1.1: 1.9: 3: 2 
::::::::.:::::::'::::::: .. :' .::.':::9:: ........ : 1.:~.::.::::j:;.~;:::::::::::i:§r:::::::::::1:;:~L::::::::::::::~:i::::::::::::::::~: 
: '  . 
U~L?~C:::::;:::.:: . :4.j :.. .. ~.:::::. ::: :::::~:;::::::::::::f1.t:::::::::::::::§::::::::::::::::j:::::::::::::::::::~: 
, o· 0 0: O! 0: : 
l::.::.:·.:.·: •• ·.·· .•..•. : •• ~.:.. . [ ••• :··.:·:lf~~~~~~!f~:.:~~~:~:~i~:~~lf::~~:~t 
1-.;;;~3:i .:: ..• '. 2. ~-~E:.·:~E=·:.~lE·t..·l 
L __ :--~ __ 2.6._: _. 0: 0: 2.5: 3: 4 
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I t···················,···· . 
I 
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Final settings of musically untrained subjects - Collated according to 
excerpts 
Excer t 1 . ___ _ 
.§.~.l?1~.9.t~.~ ............ ~.RA.P. ....... l.PQ ............ .jJAP ......... i.e.~n9.L ... l.Ir!.~.I ....... . 
N 01 i 1.7, 1.7: 1.3i 0.4: 0.3i 1 
_~:-~i~_-:T~-~!::H:~:i~~r[~~-.~:.~~~ilf:~-;-~::I 
N 03: 2: 3.5: 1.5: 2.5' 0: 1 
.................. "['.... ,· .. ·1'·:5·: .. ·····, .. ··· ·3·r· ........ o~·5r· .... ··· .. ·· .. o·r .. ·· ...... 1 .. :·5T .. ·· .... · .. · .. ·3· 
f:-::-~_\-\:!~ij~:~:!tl~:lr_~;:JilE~:;;:;;ir\:;-:~4_, 
: 0 1.3: 0: 2: 0; 3 
:·:~:·.·:~~·:·:·:·:·:···:·:r:·:'·:,'·',·.'.·:·.·:·.·:·~:".'. '.:'.':':'.':, ·.~·:·:·:·:··:':· .. :·:·:·:·:·:·:Il::·:·:·:·:·:·:·:·:·:~:·::;:r·:·:·:·:·:·:·:·::·:·~::·;}:r:·:·:::·:·:·:·:·:·:':':'·':I:l 
, 0: 2.3, 2: Oi 1: 31 
r 
...... · ...... · .......................... , , .......... · .. ·· ........ ·, .............. · .... ·, .................... , .................... 1 
N 07, 3 1 : 1.3i 0: 1.3: 3 
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.?y'9j~9.L .tI.~ ... __ . __ . ____ LRAP .... __ :.P.h ... ______ .J!:Ap. ____ .. ____ LP.Y.f.l.9L. __ LTr.!.~.'___. __ .1 
N 22 : 0.4 0.8 0.7: 1.3t 0.2: 3 
•••••••••••••••••• _:.... ••• •• 0..' '0' • .. •••••••••••••••••• or .................... ~ .................... : ................... . 
N 23 : 2.6 2.5: 3 j 2.5 i 2.7 i 1 
·:.·.·.·.·.·.·.·:~::.·.·.·.·.·.·.T:·················fl i·····--············~··:·~··;······················Q··:·~·r·--.... ············~··~·~-r-~···················~·~·~··L.·.·.· ... · ... · ..--.· ... ·.·.·.~ .. 
·r;.(24 .... ···;··········--2 ~·S~· ..... "--2 :·i:ir···········2·:·sT"··············oT"····· .. ·······sr············--1· 
::::::::.:::::::::::::::::::::'::.:::1:::: .:.::::::: .' 4::::::::::::::.:::n::::::::::::::::q:r::::::::::::::?:C:::::::::::::g: 
: 2: 4: 2! 0: 2.5: 3 
Final settings of musically untrained subjects - Collated according to 
excerpts 
Excerpt 2 
.?!:l.9j§!9JiJ-1L. ............ ;.RAP ...... i.P.h .......... J~P ........ ..LP.Y.!:l.~L .. l.I.r.!.~J ..... . 
N 01: 2: 0: 0.9! 0.4i ot 1 
.................... , ...... '--rj"~i~" ....... ,·;················iT--········O':·sT··········o·:-7T"······· .. ·····2· 
I : 2.5 l' 0: 2.5: 0.5: 2 
~_~i_·_f~.i: ............ '. ;;......~~jI:-:I:lr~::_-af_·; __ :;I'1 
. 3.6: 3.6: 2.5: 4.4! 1.1! 3 
.................... : •••••••••• "0 •• ,. •••• • •••••••••••••••••••• : .................... ,. .................... ;. ................... . 
:~::.~~::::.:::::::.:: .. : ... :.:~.::: .. :i.-~:;::··.:·.::: ~~:J:L::::::::T:~C::::::::}::M:::::::::::::::~:I 
: 0 2.6: 0.2! 2.4: 0: 31 
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:~:::N~:~:::!:~ :"-: .. : .. i.u~ RAp.:·.:·~~:th::::g~:~I:~:~i;il:~::::~::'L~:I:~:::::~:'::.:1::1 
; 2.7: 1.8! 1.8j 0.5! 2.9! 3 
••••••••••••••••••• " ............................................................. u ......... u •••••• ~ .... n ............... : .................... . 
N.J.? ....... !... ..... . .9.~T ............ ~.l ............ 9..&L ............... ?~ .............. .J.~ .............. ..1. 
! 1.5' 1.2: 0.91 1.11 1.9! 3 
~i~:~~i]:i'i:!;:~J~lt~:~~i:-!f~~:I~!L;::::~:;J: 
N 20; 5 : 0 : 0 l 3 j 0 j 1 
:.&:.:.~.:j.:.:.:.:.:.:.:.:.i.:.:.:.:.:·. '. :~:·}~u:.: .. :.:.·.·.:.:.:.(j.~.~r.:.:.:.:.:.:.:.:.:.:.~.:.::~.r.:.:.:.:.:.:.:.:.:.:.~.:.~~r.:.:.:.:.:.:.:.:~.:~.:.].l.:~.:.:~.:~.:.:.:.:.:.:.:.:t ~ 2 0.3' 1.4j 0.3j 0.4l 21 ~~~~:H:~:~FHf::=:::ItE=::~~:;~:F:::::::::~:1 
'~r23'u,u",:u""""u~,:,~:, ....... ~: ~.;u ... u····.9·~g·f ...... ··· .. ~·~~l .. · .... · .. Q.'·~t ...... ··········~"I 
:'::':':':':':':'::':':':':':'::':':1':':':":":":"·'.:':'·l~·~.:·:··: ......... :.: .. ~:. ~.·:·:·:·:· .. :·:·: .. ··:··~·:lE·:·:·:·:·:·:·:·:1::~r:·:·:':':'::::::~:'1r'::':'::':':':':':':':':':'~':'1 
IN 24 . ___ 4.__ .. __ .~ 11 1! 4! 31 
Final settings of musically untrained subjects - Collated according to 
excerpts 
Excerpt 3 
.~y'Qj~9.~ : .. ti:~.='~:::- R.~D:~~ .. :.P.h ............ l.!:Ap .......... 1.p.y.f.l.9L .. l.Tr.i.~.L ..... 1 
N 01 ; 1.8: O.g: 1.8i 2] 0.6] 3 
·N··02······· t .. ············ 0':" . .... 2:····· ··········1'1 ............ ·· .. ·1·"]" .... · .... · .. ··2'1' .... · .. ·········,.· 
IN..11.. ....... :... .. ..0.,2. . .... 3 ............ .J.,..1.L. ...... _ ... _2..l ... _ ..... .Q.,.~L ........ .1 .. 
........ ........ . u!.... . .... .D.:. . ... J ... 5. : .............. .1 .. f ........... ~.&L .............. .9.l.. .............. ~ .. 
:~ .... ~ .. ~ ................ l' ...... -............. :~: ...... " 2 . ~ _: ..................... 1 .... ~.~.r. .......................  ·.· ... ~.1 ... ·.·.· ... ·.·.·.·.· ... ·.·.·.·.~.t.·.·.· ..... ·.·.· .............. 1. ... 
. _Q .. ____ ... O Ol O· 0: 31 
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Final settings of musically untrained subjects - Collated according to 
excerpts 
Excerpt 4 
. ---- ..... - ._. __ ... - . . . ...., 
!.§.~.t?l~.~~ :.tlL.. .. . RAo: .Ph ............ ; .. ~Q ......... l..P..~n~L ... !.I.n.~.I... ..... 1 
t:~::~~::::::.::.·::· ... 9J : .. '. ..~:; :::: .. : ..... ::::f::t:::::::::::i:::~L::::::::~:}L:::::::::::::1:~ 
. 2.5 2 1.2: 1.7! 1.1\ 3 
:N.:::9?:::::::.::::.· .: :i: :'3. . . .: .. ·::i.:::.::.::·:·:.:::?:L:::::::::::j:T::::::::~:::j:i'::::::::::.::::~: 
N03: 1.5: 2.5: 1: 1: 1: 3 
i~:~~:::: "":"::~'r' "." . """i~: ;':~'!f-:~~:ll~~:::~~~!f~::!; 
o 3.2 2.r 1.8: 0: 3 I,,;~!;i:':·"· """;:i··"· ":1"",.~i~¥/;:1~;t::(-~~~"~if/:fl 
~ __ :__ 2.~4 .... _Q.6.· 1.7: 0: 0.2: 3J 
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,N17: 1.1· 0 0: 0: 0: 31 
:f:Li?::::::::;::::: : .. -:9:31·:: .... : .. ::. 1.L·.::.: .. i:·:~r::::::::::i;:~C::::::::I;:~:C:::::::.:::::~: 
N19 : 1.4' 0.4 1i 2: 1: 11 
.......................... ...... .. ..................... , .................... , .................... : ..................... [ 
: 2.6' 4.3: 1.8: 1.9: 2.5: 3 
r~~~-: .~{ •.•..... ~:~E ... ::-~;;..E.:.=:~]E.I!I 
: O. 2.6: 0: 0: 2.5: 3 
, : 3' 0: 0: 2.5: 2: 2 
~ ................. ~.... . .... .. . . . . ..... 0. .. ······0 .. ~ ....................................... '0' .... 0........ . ... . 
i . . __ 3. _ ... ___ .Q: 1 : 2 i 0 : 3 
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f~U::~~~!'~ .·.··i:g:flA[) o.f:~hj;~L~P~~~j~=~i~f 
I"'a. ................ u.. .... .....• . .. ..... ._ .. :. ...................... .:.u ................. ~ ................... . 
l:::::::::t: ·:4:···:~J=~:~1=::~1t=::j~:~ 
I~::+::··::::::·:~: •..... :.: .. :.: F:q!=:=:::F~=~;t 
~=::::::::::::::::::::::::::::~~~::.':. ::.::~': f::::·::::::~:~~F::::::::i:~fr:::::::::::::T 
t::::::::::::i:9:::::,: .. :·:·9.:~~::::·:'::::::: .. :2.::::.:::::::::::::ir:::::::::i:~:r:::::::::::9:;:~: 
........... ..1 J.~ ......... " .... 9 .,. , ..... J ,~.?,: ................. 1..~._ ........ ~.:.?;' ... _" ..... ".9 .. 
12 0 0: O! O! 0 
•• n •••••••• u ....................... h ........................................ n ..... U ................. ,. ................... . 
13: 0 0 oj oj 0.2 
"""'"''''1''4':''' · .. "· .. 1 .. ~3 .. " ,. . 0··"""" ...... "0·;· .......... ·1·:·9': .. ,, ........ 0·:·4 
............ ', .. ' . .-.j.-.-~ . .-.-.-. .-.. ,' ..... .-.. .-. .-:3 "., . '.',' o~ ~·.·.-.-.. ·,·.,·.-.. .-.. ~· .. .-.-~T.~· .. .-.-.~·.· ... ·.·~·.~·,~~L.~~· .. .-.-.-...... .-.-.-.9.., 
i .. " .. · .. · .. ·~ .. ;, .... · . " .,.~~. , '"'' 6':· .. · .... 9·:ri+ .......... .9.·:~·i" ...... " ...... ~' 
C·::::·:::I?::::: . '::::::':(j: :',:.:::,' C::. :'::'::i~:~::::::::::::1:~:~;:::::::::::T:§: 
: 19' 1.6 2.5 1. 7, 3.3: 2.7 
r::::::::::::~:9.:::':: :,::,j?,;:.:··::"2. 5::: : .::.::.::::::n::::::::::::.:::9.:;:::::::::::::::i 
I ...... " .... ·~}··"·· ... ~.:~: .. ,," 'ci: ; .... ··" .... ·ri:·~i .......... ·.9·~·f·l ............ 6·:·~· 
I ................ · ........ "... • .. " ........ """, .................... , .................. .. 
I .... · ....... ~·~ .... · ~ 0 ... ; ~_ .~~.·;·: .... ·~J .. :~+ .... · ...... 9.·:~·[ .. · .. ·· ... ·9. .. ·~·1 Excerpt 3 
- .... _ . 
. §.!-!.bl~£~ :.t-l.:" ......... ; ~. . .. : ..P.b ............. i .. ~P ......... LP..!-!D.9.L .. . 
1: 2.5 2: 1.2! 1.7j 1.1 
:::::':'::::::::2:::::::."::::,. $.: ...... i::::::·.:::::·:::?:::::::::::::::::Tr::::::::::::::T 
I ............... ~.,... . .. 1..~? ~ .. 2.5 : ............. L ............... J .. ; ............... J .. 
! 4. 3.7' 1.6 0.9: 2.5: 2.5 
~ ..... .-.. .-............. ~ ... §.~...... . ... ··0 . . .. ·:3.2 .. ·." .. ·.· .. ·.·.·.~~·.'i.-:·.·.·.·.·.·.·.·.·.-.·.·i.il·.·.·.·.·.·.-.·.·.·.·.·.-.-... ·.9.-, 
i 6 a O· 0.5: 0.9: 0.6 
r .. .-.· ...... .-.-......... ~'.i·;·.-.- ...... :3 ~ 4' . 0 .'6 ~· .. .-.· .... ·.· ...... -i; .. ii .. .-.-.-.-.-.·.-.-.-.~·.·.-.. .-.Q.r ........... · ......... Q .. ;.? .. 
! 8 5 2.1 1.2: 0.5! 0.3 I ...... " .......... " .. ·· .. " ....... " ............. , ....................................... .. 
1 9. 0 0.5' 0.7: 0.5' 1 t .............. • .. ·<-........ ·•· .. ..... . ....................................... , .................. .. 
f ........... J .. 9.:.... . .... ..1.... o. ? .......... J .. :.?: ........... .9..:§L ........ J .... §. 
1 11' 0.7 0.6' 0' 1.2: 2.6 
:::::::::::::I?:::::::': :::.::.:9: 0 :::::.:':: :::::::~E::::::::::::::::9:;:::::::::::::::§ 
: 13: O· 0 0: 0: 0 t .................. •• .... • ..... .. .............. " ..................... ., ................... . 
: 14 1.9 0 0; 1.T a t ...... · ...... • .. · .... ·.. ...... .: ..................................... , .................. " 
~ ............ ~ .. ~.' .. · ...... 1· ~~ ~ .. : ...... o~·;~ ............ 6·:·;·; ................ ·6· 
~· ......... .-....... · ...i't~ .. ._ ........ ._._L.1 : 0.:._.-.... ~".'-""9·.~·.·".·"""'-"".·""'-"""9.·.~·"'-"""""""".~· .... .-.9'_. l ........... JJL ... .. .9..9.. .. ..... 1.: ........ J .. :.5.: .......... J..:.~.; ......... J .... ~. 
: 19 2.6 4.3 1.8' 1.9: 2.5 [:::·:.::::?·o·::: .. " '.'0'- "2'-6 :.:·::.::"::::::9L::::::::::::::9T::::::::::?:;:~: 
; ........ .... 2.1..... ...1..2. 0.8:... . .9.:.~.~ ........... 9..~.~.~ ........... 9..'§ 
! ........ , ...-.-...... -.~ .. ~.~ ........ .- ...... ~.:: :. ~ : ~ .. ~ .. .- .. .-...... ~ ... :.~.-~ ..... ~ ............... .-~ ... ~.~ .. J.' ..................... ~.J .. 
i 24' __ ~. _ . n. 0.. 1 : 2 j 0 1 Excerpt 4 
Appendix VI - Quality of performance ratings 312 
APPENDIX VI 
Quality of performance ratings 
from the second experiment 
It will be recalled that each subject heard iterations of four excerpts. Each of the four 
excerpts were processed with the Sundberg Perfonnance Rules in one of three ways. 
Each of the three processed excerpts were heard three times. The process versions are 
referred to as e.g. S- 1, S- 2, S- 3. 
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r::----r-:-----:-- -- - ---,-----,-----.,----,.---:----,------r---. 
Excerpt Iteration Subject 1/1 Subject 112 Subject 113 Subject 1/4 Subject 1/5 Subject 1/6 
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Excerpt Iteration Subject 211 Subject 212 Subject 2/3 Subject 2/4 Subject 2/5 Subject 2/6 
::::::::::::.:.:::. :~:. ,:.::.:: ... PP:. AP : .. :"::: 'p:pT~~I:::::: :~:~r~EL:::::: ~~:r~~r:::::: :~~T~~:r:::::: :~~I~f.I::::::: :::::::::. 
5+ 1 1 7 6 4: T T 9: 6: 6: 3; 41 8; 8; 
•••••••••••• u..... _ ••••• ~H" ••• ".. •••• • •••••• • ••••• u ....... : .................... , .......... j.n .............. .; ......... : .......... u ••••• ~ •••••••• : •••••••••••••••• j. •••••••• ! ................... . 
2 7 7 3: 5: 8: 10: 5: 5: 6: 7: 8: 10: 
.................. ...... ~. •• ••• •••• •• • ••• ·u .................. :-n ............... «-•••••••• l>........ . ........ :. ........ : ................. l> ........ : •••••••••••••••• )o •••••••• u •••• n ••••••••••• 
, 3 5 6 31 6: 4[ 6: 61 7: 6: 71 8: 9: 
5+3 1 5, 5- 3: 51 T 91 5, 5: 4: 5: 8; 8: 
~.~ .. ~ ......... ~ ...... ~.~- .:: ..... ?:.:.: ....... ,., ........... ~ .. : ..... '.s.: .... ~ .... : ... , ... ·.·.~.:~.·.·.·~·r~~~.:: -.~:·:~T.~·~~Q.r.·.·.·.·.·.·.· · ..... ·.·~I.·.·.·.·.~.L·.·.·.·.·.·. ·.:~· ... ?T·.·.·.·.~.t.·.·.·.::· ·.·.·.·.·.?T.·.· ... ·.~.t·.:·.·.::·.· '.:'.:::::: 
3 3 4 1· 2: 61 8: 5: 5: 81 8; 4j 5; 
... ~.: ... --.~ .. --.:.------...... ' ......... ~ ... ~ ......... --.:., ..... __ ... ~ .............. ~ ... : .... ' ........ : ...~ ..... ~ .. J.~ .. = ...... ~~~:~.T.:~ ... J ... :· ..... :· .. ~ ........... ; ......... · .. : .. I ... ·.·.:·.~:· ...... · ...· ...T ..... ~· ... T .......:·.~· .. ·.· ... :· ..... r ....... :·.T.:· ... :·.·.:· ... :: ........ :. 
S-1 1 5 8 3 5: 5: 6: 4: 4: 5: 6' 3 1 4j 
l.· ... ·.·.·.· ... ·.·.·:.·:.·.·:.·.· ... : ... · .. 2'.. .......... . 6, -.. 's ....... , ...:. . ...... ~ .. ~~ ..... ~?T. .... : .... ~ .. ·.·.~·.·~·l ... ·.·.· ... ~.r: ... · ...... :.- .... : .... ~·i .. ::: .. ~X.·: .. : ... · ...· · .. : .... ~·.r.·.·: ... §T .... :.· ... ·.· ·.·.·.·.·.~·r.~·.·.~.r.:·.·.·.·.· .... ~.:.::.:.: 
I 3 7 8 5· 9~ 7! 10: 4: 5: 6: 7: 4~ 5: 
ri:i::.:·~i 5." 6.·~::~E··=~]]~:::::~i··;.·:·~F:~E.::····;Ei:=::~ 
, 2 4 5 4: 61 10; 10: 5: 6: 4: 4; 31 31 
.................. . ... 3" ..... , 2 3 .. ·i .... ·5:---.. · .... · .. s1"" .... 61" .......... 4~ ...... 4·: .... · .. · .... 4r .... 4·( .... · .. · .. ir .... ·s·i .. ·· .. · .......... . 
::::::::::::::::::: ':::::- .::':'" ....... ::.::::::::::::::r::~:::: ::::::::;:::::::1::::::: ::::::::::::::::;:::::::: :::::::L::::::~:::::::: ::::::1:::::::1::::::::: ~::::::: 
S-3 1 4 6 3 6: 5: 7: 3' 4: 5: 7: 3: 4: 
~ .. :.":.~=:J .. ~ .. ". ~:F:E~:~E:JF~]}··.;[~E~.JBE=.=~ 
!·F;·'.......... .._,'"..... i" 8' .... ~t .. ·8';· ...... · .... S~ .. · .. 9·;· ...... · .... S~ ...... 6·:· ........ · .. sr .. ·j·f .... · .. · .... 4·[··· .. 6·' ........ · ........ . 
I::::::::':~:~:::: ,:: '2::... 8 9 ·::6:::::::~:::::::::: :::::~:::::::~:L::::::: .::::~:::::::~::: .. ::::: :::::~:C::#.L:::::: :::::~:L::~L::::::: :::::::::. 
3 6 7 5 7: 9: 10: 5 6 4] 6: 5: 6: 
• ,-,. • ,- _ ••••••••• ~n ••• u. • ......... n ••••• -:h ... n •• ........................... • ••••••• ; •••••••• ~........ • ....... r ........ ~ ................. . 
••••••••• • ••••• ~ •••••• n.~ ••••••• _ ••••••• ~ ..... u ••• ~ ••••••••• n •••••• : ••••••••• : •••••••••••••••• ; ••••••••• ; ••••• n ••••••••• ~ ........ ~ .................. . 
8 8 6' 9: 6: 7: 4: 5: 6: T 5: 7: 
l~~:::~ ~:~::: .. '~'::': •.. ~ •••.•• .!~~~t~~~~~;··~:~f·~~·.~r~f:~ •• ~!I~I~:::~ 
F+ 3 1 6 7 4 7: 10: 10: 4, 5: 3: 4] 8; 8! 
r~:'::{ :. . t :f·E·::E~E=:rI:·:FJE·::::~::::~::=:::~ 
fiO:!:: :{ ..... ~ ~ .. ···Ff::1F;~:::FfIL~i::::!t::::~F:: =::::: 
I:::::: :::::::::::: :::.: 3 ;::: .':, 7:' 8.: :.::::: .::' 3.:::::::~:;:::::::: .::::~:::::::~I::::::: .::::~:::::::~;::::::::, ·::::~:c::~r:::::::: :::::~l::::::(::::::::: :::::::::. 
r~2='::~:' r;··.·1~·:!E=j~~I~E::i:~;::iF1E=::tEtE.:E 
r ........ · .... ···.. ... ... ..... . ........... : ......................... : ........ j ............... ": ....................... ·; .... · .. ·i ...... · .. ·· ...... ~ .... · .. ·T· .. ··· .. · ......... . 
I·F~·3· ........ ·· .... , ... , .. , 6 7 .... ·S .... · .. f{ ........ · .. ··s·, .... ·:;( .......... ·S·' .. · .. 6~ .......... · .. 4·j"" .. sy ........ ·· .. ·Sj· .... ·8·; .. ·· .. · ........... . 
I....... ......... .. 2 6 6 ... "4 ...... s·: .. · ........ ·,·0: .. ·,0·: ........ · .... 6~· .... ·j.......... .. .. 4·:· .. · .. 5·; ............ ·s·! .. ···tit .... ··· ....... .. 
3 4 5 ' 3 .... ·5 ............. 4~ .. · .. 7"........ ..·5· ...... 6 .." .. , .... 5:--· .. 6·(· .. ·· · .... it, .... ·gT .. ·· ........... .. 
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Appendix VII 
CI, t test and Bartlett's test 
This appendix contains the equations, calculations and results of the CI test from the 
first experiment, and the t test and Bartlett's test used in the second experiment. 
CI (section 4.5.6) 
- s CI for the mean is given as x ± t ~ N 
where 
x = the mean 
t = degrees of freedom 
s = standard deviation of the mean 
N = number of subjects 
P = probability 
hence 
t (23) = 2.069 with P = 0.05 
N=24 
given: s = 0.4 then 95% CI = 
given: s = 0.6 then 95% CI = 
given: s = 0.7 then 95% CI = 
given: s = 0.9 then 95% CI = 
given: s = 1.0 then 95% CI = 
given: s = 1.1 then 95% CI = 
given: s = 1.2 then 95% CI = 
given: s = 1.3 then 95% CI = 
given: s = 1.4 then 95% CI = 
given: s = 1.5 then 95% CI = 
(Maxwell 1978 Appendix 2) 
Occurrence out of 20 (5 sundberg 
rules * 4 types of excerpts) 
X±0.17 1 
X± 0.25 1 
X± 0.30 3 
X±0.38 2 
X±0.42 3 
X± 0.46 3 
X±0.50 3 
X±0.54 2 
X±0.59 1 
X± 0.63 1 
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t test (section 5.5.7) 
The equation and its parts are as follows: 
s= J "Ld2 
n - 1 
= sum of squares of the deviations of the differences from the mean 
= sum of the squared differences between the population mean 
difference and the sample mean difference 
s = standard deviation of the difference 
n = number of samples 
X - J.1. = the difference between the two means 
t = 
X-J.1. 
s/rn 
For each trial there were 11 degrees of freedom. From the t tables it is found that t = 2.201 
at 5% significance and 11 df. Therefore the null hypothesis is rejected if the calculated 
value for t is greater than 2.201 . 
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PAIRED T TEST Results 
TRIAL 1 
N MEAN STDEV SE MEAN t P VALUE 
PP1 12 0.500 1.314 0.379 1.32 0.21 
AP1 12 0.417 0.996 0.288 1.45 0.18 
PP2 12 -0.250 1.712 0.494 
-0.51 0.62 
AP2 12 -0.500 1.679 0.485 
-1.03 0.32 
PP3 12 0.917 1.621 0.468 1.96 0.076 
AP3 12 0.083 1.564 0.452 0.18 0.86 
PP4 12 -0.083 1.621 0.468 
-0.18 0.86 
AP4 12 0.250 1.913 0.552 0.45 0.66 
PP5 12 1.083 2.678 0.773 1.40 0.19 
AP5 12 1.500 2.541 0.733 2.05 0.066 
PP6 12 -0.167 2.125 0.613 
-0.27 0.79 
AP6 12 -0.500 1.977 0.571 
-0.88 0.40 
TRIAL 2 
N MEAN STDEV SE MEAN t P VALUE 
PP1 12 1.833 1.801 0.520 3.53 0.0048 
APl 12 1. 917 1.505 0.434 4.41 0.0010 
PP2 12 0.667 1.303 0.376 1.77 0.10 
AP2 12 1. 000 2.045 0.590 1.69 0.12 
PP3 12 0.333 1.775 0.512 0.65 0.53 
AP3 12 0.083 1.379 0.398 0.21 0.84 
PP4 12 0.333 0.778 0.225 1.48 0.17 
AP4 12 0.417 0.996 0.288 1.45 0.18 
PPS 12 0.500 1.834 0.529 0.94 0.37 
APS 12 0.833 2.125 0.613 1.36 0.20 
PP6 12 0.333 3.114 0.899 0.37 0.72 
AP6 12 0.333 2.839 0.820 0.41 0.69 
TRIAL 3 
N MEAN STDEV SE MEAN t P VALUE 
PP1 12 0.000 1.128 0.326 0.00 1.00 AP1 12 -0.333 1.231 0.355 
-0.94 0.37 PP2 12 -0.250 0.965 0.279 
-0.90 0.39 AP2 12 0.000 0.853 0.246 0.00 1.00 PP3 12 0.000 1.206 0.348 0.00 1.00 AP3 12 -0.083 1.165 0.336 
-0.25 0.81 PP4 12 0.250 0.754 0.218 1.15 0.27 AP4 12 -0.250 0.866 0.250 
-1.00 0.34 PP5 12 0.500 1.000 0.289 1.73 0.11 AP5 12 0.667 0.888 0.256 2.60 0.025 PP6 12 -0.333 0.492 0.142 
-2.35 0.039 AP6 12 -0.333 0.492 0.142 
-2.35 0.039 
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TRIAL 4 
N MEAN STDEV SE MEAN t P VALUE 
PP1 12 -0.500 1.567 0.452 -1.11 0.29 
AP1 12 -0.333 1.875 0.541 -0.62 0.55 
pp2 12 -0.083 0.900 0.260 -0.32 0.75 
AP2 12 0.167 0.389 0.112 1.48 0.17 
PP3 12 0.167 2.329 0.672 0.25 0.81 
AP3 12 -0.333 2.015 0.582 -0.57 0.58 
PP4 12 -0.083 1. 730 0.499 -0.17 0.87 
AP4 12 -0.500 1.784 0.515 -0.97 0.35 
PP5 12 -0.583 0.900 0.260 -2.24 0.046 
AP5 12 -0.500 0.905 0.261 -1.91 0.082 
pp6 12 -0.583 1.676 0.484 -1.21 0.25 
AP6 12 0.250 1.485 0.429 0.58 0.57 
In most cases the results show t < 2.201 therefore there is insufficient evidence to reject 
the hypothesis. It is concluded that systematic differences were generally not present and 
that most subjects were consistent between the first and last auditions of the groups of 
excerpts. 
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Bartlett's test (section 5.5.8) 
"Bartlett's test" was used to examine the level of consistency between subjects. It is 
hypothesized that there will be consistency demonstrated between subjects as there was 
within subjects. 
Let Ki be the error mean square for subject i (i = 1 - 24) Ki has 24 df (df = degrees 
of freedom) 
Kl + K2 + ... K24} { } M = 24 x 24 Loge 24 - 24 LogeKl + LogeK2 + ... + LogeK24 
If the subjects have the same error variance then M will be distributed approximately asv2 
~23 
From the x: tables we reject the hypothesis if M > 35.17 at the 5% significance level. 
Subject pp 
..---.,....._._-_ ... 
1 
2 
3 
1.028: 
•••••••••••••••••••••••••• ,'0 
0.7778. 
............. ~............ . ., 
1.389' 
.............. u...... ... . : .... 
AP 
..... P..·A???. 
. . .. P.:~~.~.~. 
2.056 
....................... 
4 ................. 1.:61 L... . ..... ..1 .• 6.~.~. 
5 .................. 2.~.1 ~4.:..... . ....... ~ ~.1..~.?. 
~ ...................... 4.:... . ................. ..4.. I ~ I'· ." o\i~~-;:~i.: 
1
9
0 
::::::::':." .. ··0· :~.:3:~·88· ~8 99':' ........ ? .. ?.?..~ . 
.. O.?~.~~. ~ ..................... :. 
I ~1 231 1:0:::;.·8::·!0·:·~5:~6·'.. . .. : ... :.::;.:;'I:: H7I ....... O.~.~~.~.9 ... d] ••••.•.....•.••..•. ·.Q1~~~t. . ....~.~~~: 
~ ................... 9:.5278: .. 
I ~ ~ I~·.·.·.·.· .. ·.·.· ............ ~:~.~. 
! 1 91 ............... 0.:8611 
201 0.5833 
2 1 ................. ?.556.: 
. ........ 9.:.6.1..1 J. . 
...... 9.: 7.7.7~.I 
.. .... 9.~.?? 
J .. 1..~.~. 
q.:.?2.7.~. 
2 2 .................... 1..583. . .... 1...?.?.?. 
I 2 3 1.417 1.3891 1241· .. ··· ...... ·· ..... ,- .. 3_6.i~._ _._ .... O~~·7·22·1 
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Figure App 1.1 Table of Error Mean Squares drawn from results of ratings 
For PP: k1 + k2 .... k24 = 35.250 
Logekl + Logek2 .... Logek24 = 3.7965 
M = 24 * 24 Loge(35.250/24) - 24 (3.7965) 
M = 24 * 24 * 0.384412 - 24 * 3.7965 = 130.305 
M = 130.31 
For AP: k1 + k2 .... k24 = 33.557 
Logek1 + Logek2 .... Logek24 = 3.2942 
M = 24 * 24 Loge(33.557/24) - 24 (3.2942) 
M = 24 * 24 * 0.3351916 - 24 * 3.2942 
M = 114.01 
In both case M > 35.17 therefore the hypothesis is rejected and we conclude that not all 
subjects have the same error variance, which indicates that between subjects there was not 
the same levels of consistency. 
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APPENDIX VIII 
Results of the second experiment 
in graphs 
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pp + AP 
Excellent 10 - ........ .. ............ . ....................................................................................................................... - ••. ---•••••••• -
Very Good 9 - .. -...... -<> ................................... -.............................. -·· .. ···<>·········0·········_··<>_·················--···-_ .. _. 
Good 8 -·00+00····. ········ .. ·······0·--<>····0·········0 00+<>0+0<> 0+<><> 00·····0<>-···--·-· 
7 - .. + ........ + .... 0····000···+<>+ .. ·+····-··+++····++····+·········-·++·_··· .. -<> .. -+-.... _ .. 
6 - ······+·········++········+·····0· .. ··········<>·· .. -<>0··· ............. -................ ++ ........ -... ++ .. -+._ .. -._.-. 
5 - .............................. + .... ++ .... + .... + ......... + ........... -.................................. -............... + .. --_.-.---.. 
4 - ................................................... - ...... - ......... + ... _ .................................................... -....................... -.... -_. 
8a:I 3 - ...................................................... - ...... - ............. - ................................................... - .................. --.. --... - .... . 
Very Bad 2 - ................. - .......... -....... -.-----....... -.-.. --.......... --.. -.. -............. --.------.---
Unacceptable 1 - ......... .... .. ... . .....................•... - ..................... _-.-•.•...•.•• - ............................................ - •.••••• - ••• -.-•••••• ---
I I 
o 10 20 
I 
30 40 
Excerpt Axis 
Graph 1/1 - trial 1 subject 1 
pp + AP <> 
Excellent 10 - .... .... . . .... .. .. ............. ··································--······7········· .. · .................................................... -•.. -•.....• -•... 
Very Good 9 - .................... · .. ····<>0········0·· .. ················-0· .. ·············· ........................................... -............... -..... -.-. 
Good 8 - ··-·····-········0-0-0-···--<>-····--<>··-<>··-·---0--.. -0·-···········--··-····-· .. ---·0·-·---· 
7 - "0000'" +++++.++0+<>0+·········0········0 ····-<>·························0<>··--0-· .. ··--.. -· 
6 - ..... +. +.. .. ......................... + ................. +<>++ ........ ····+<>····.·····<>+·········0+········ .. ···· 
5 - .......... + .... + ......... -.... -.. --..... -.... --.. ++---.. ----.. *+.-.+ .... -.. --.--+++-_. 
4 - .. +..... . . . ................................................... + ............................................................ -................ . 
Bad 3 - .. .... . ...... .. ..................................................................................................... + ....... -............... -..... _ ..
Very Bad 2 - .................... -.................... -... -.. _._--.-.-.. - .. -.--..... -........ -.... -.. -............ -...... ---.--.----
Unacceptable 1 _ ....... . ......... .......................................................... _ .............. .................................................. _-._._ ..... _.-.. 
I 
o 10 
Graph 1/2 - trial 1 subject 2 
I 
20 
Excerpt Axis 
I 
30 40 
Appendix VIII - Results of the second experiment in graphs 325 
pp + AP o 
Excellent 10 - .......................................••.•.••.•• -<> ....... -........... -..... --.... ··············0·········---·······-·-·····--···-·-·--··-.----... . 
Very Good 9 - ···············00·····················--·-··+····-·_······-··-<>···-·-0····-<>·····-······0···---··---·------------· 
Good 8 _ .............. ++ ......... 0-0 •............. 0 ... -.......... -+<> .... +-<>++-<> .... + ...... _ .... _ .. -<>_ ...... _ ...... __ ... _. 
7 - ·· •• 0········+···++····.········+····-00-······+········+············-<>····0·····-··.+--··--<>·-·--·· 
6 - ··········+········-00·········-······0····-···0··· .. ·-·······-··· .. +·-··············++····+··-·.····--.0+·-···-· 
5 - .............. _ ........ ··+·················+····-···+····+-·····--··0········ .......................... -<>-...... -...... +--.-.---. 
4 - .. - ................. ·······················-·-······-········+····0······· ........................................ + .......... --.. -... -....... - ... -. 
Bad 3 - .................................................................... -.-.. + .... -........................................ -.... --....... -.... -.--.---. 
Very Bad 2 - .............. . 
Unacceptable 1 - ....... ...... ... . . .......................•............• -•....•• - •...••...... - ............................................ - ......................... - ••• - •. 
I I I 
o 10 20 30 40 
Excerpt Axis 
Graph 1/3 - trial 1 sUbject 3 
pp + o 
Excellent 10 - ··········0 ...................................... -................. -.... -<> ........ ···········································0······ .. ··· .. -.. -..... -. 
'Very Good 9 - ······0· ... "'0 .. 0· .. ·····-<>·····················0····-···0·············0 0 ····· .. ·-00········-<> .. ··+············-··---·-· 
Good 8 - ........ + ..... 0 .... ···.·········0·········0····-<>········+0······ .. ·····0··································-<>-··0··-······_· 
7 - ...... + ... 0 +++ 0 .. ······-0 + 00···-·······-<>·············0++····<>+····0·········.··· ... --..... +-.......... -
6 - <> .............. . ......... + ................. +++++ .... + ............. ++ .... ++ .... + ......... -.-<>.-... -.. -.. -. 
5 - .............. +.... . .... + ................. ++ .................................................................. -....... -.++ ... -.. -.--
4 - . + ..... . .. ..... .. ............... + ........................ -................. + .............................................. -...................... --
Bad 3 - . .... ... ........ ......... .. ............................... - ... - ...................................................................... - .... _-.. - ........ . 
Very Bad 2 - ......... ...... ...... ........................................ -••.• - ••••..•..•... -.....................•..•..•..••.••.•. - •.••••.. --..... -.-.•••. --.-•• 
Unacceptable 1 _. ..... . ............................... - .............................................................................................. --..... .. 
() 
Graph 1/4 - trial 1 subject 4 
I 
10 
I 
20 
Excerpt Axis 
I 
30 40 
Appendix vm - Results of the second experiment in graphs 326 
pp + AP o 
Excellent 10 - .•..•..................................•.••.....• -•.....•.......•....... -.--•••.••.•.•.•.......•... - .•........ --.-•••. - •••• - ..•• ----•••• ----... -. 
Very Good 9 - ................................... -............ --........ _ ............................ -.-................................. --......... --.-.--.. ---. 
Good 8 - ······<>0···························-···-.. --·······---····--··_···············-·················-··········-<>0 .... -<>-... ---.-----. 
7 - ... -.+ ........ <> .......................... --................... -.-... _ .............. -...................... --.-.-.+-...... -.... --.-.. _--. 
6 - ·-······+0+·····················-.. ··-·-···· .. -· .. ······· .......................... -<> .. --<>-..• -.. +-..• +-...... -----. 
5 - ............... + .............................. _ ......... ······-··--···<>0···················-+····· .. ·····-·····.-............. -._-_. 
4 - ..•..................................... - ... - ... - ...... - ..•... _-..................... + ................. <>-...... -..... -•. -.-<>. __ .-.-.. 
Bad 3 - ........................... ····00·· .. ····--·····0···-···········++00···········-.. ·· ......... + ............ -._ ......... +.-..... -.. 
Very Bad 2 - ........ . .. ..... ··0+·········0 .. ··<>+· .. ·····-<>··-···-········+0····0····· ......................................... -.......... -.. 
Unacceptable 1 - ....... . ....•..• + .... +.+.+ ......... + •......... + .... + .... + ........................................ -... --.--. 
o 
I 
10 
I 
20 
I 
30 40 
Excerpt Axis 
Graph 1/5 - trial 1 subject 5 
pp + AP o 
Excellent 10 - ............ .... .. 0 ....•............. -.................................................................................................................. . 
Very Good 9 - ····· .. ···0-<>········+·········· .. ····_ .. ·-···-· .. · .. -· .... 0·· ............... -<> .... - ... - .......... _-... -._-.-._-_ .. --
Good 8 - '0"'++" ·0···· ....................•................. + ................ ·····+·················0····0.0··················_ .. · 
7 - + ......... + ....... ················0·················0·····················0····0····.····+····+····+·····0···· .. ········ 
6 - ········ .. ········-<>······--<>· .. ·0· ...... ·+·_·_· .. --+··-·_ .. ··--··· .. +····+0··-· ... --<>-···---·-+----
5 - ................ + ···+····+·· .. ·0············ .. ························.0· ............ + ............. + ............ -<> ................ ,. 
4 - ······0·· .... ' ..... ······· .. ······+·· .... :·-<>0··-··· .. ·················+······ ......................................... + ......... -...... . 
Bad 3 - ·-·-+······ .. ·················· .. ····----.. ···++0· .. --.··-.--.-.-....... -.... --.... --.--... -.-------.-
Very Bad 2 - ....... .. . ....................................... + ..................................................................... -....... -.. -.-..... -
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VeryGood 9 - .-......... ··············0···············--·---··-··-·····-······ ................................................. -......... -..... -.-... - ... -.-. 
Good 8 - "0 00+0 0+0<>·····-·0····-···0·-·<>·-.. ·-························-...................... -.-............. --.----.-. 
7 - +++0++-·++·· .. ··-+·--<>+···+0······· .. ····0····-<>····-<>·····················0··-.-·_·_· 
6 - ··················· .. ················ .. ······0 .. -+···-···-·+····<>0+····+0+<>.0·····0····--··-·0·----· 
5 - .-.................................... <>+-.. -<> ... -...•..... _.++-.-<> .... +-.. + .... + ... -++-.... -+.---.-_. 
4 - .. - ................................... + ... _.+ ...... - .... -.... --<>-.......... + ......................... -<> ........ -<> ... _-<>--.-_. 
Ba:l3 _ ............................ _ ............ _._ ... _._ ................ __ .. + ......... _ ... _ .......................... + ........ +. __ ... + __ . ___ . 
Very Bad 2 - ..... ... .. ... ....... . ...................•.•..•..•.••.••..•..•..••. _.-•....••..••.•.......................•..........••..•..•••....••.•.•• -.-••• -.--•• - •••. 
Unacceptable 1 _ .... .............. .. . ......................•.....•. _ ..•..••.••.•. - .. _ ........................................................................ -----.-•••. 
o 
I 
10 
I 
20 • 30 40 
Excerpt Axis 
Graph 4/5 - trial 4 subject 5 
pp + o 
Excellent 10 - ··········<>········0 .. ····················-···-······_·.-.... _ .................................................................................. _ ... _. 
VeryGood 9 - ······0····0·· .+ ............................................... _ ................................................................... _ ...... -..... -.. -.. 
Good 8 - ··.+++0·· .. ·---···-----0-<>--<>··-···.<><>······-·-0··--<>·---.---.. 
7 - .................. ·.····.··········-.········+--·-···<>0········+0<><>·············00·-··--0···-··--_· 
6 - ......... . ... + ... ············<>····0·····0+··--<>····+············+······· ..... + ........ ++ .... -<> ...... --(>-.•. - ...... . 
5 - ·---·······-············ .. ·---··0-----0·-++·---···++··-"'0·---++--+·..1.+_-1 
4 - ...... ....... .. . ............ +++ .. -.+-... -.++ ....................................... + ..... -... -.......... -......... _-_ .. . 
Ba:l3 - ....... . ....... . ....................... -..................................................................... + ......... -............... -.--._-.. 
Very Bad 2 - .••• - ....... -.--....... -.-.---•• --------.-••••• - ••. - ••.• _ •••••• --•••••••.• _-._.-••• _--.-
Unacceptable 1 _. ...... .... ...... . ................•..•... - ..•.. - ........... _ ....................................................................................... --••••••. 
o 
Graph 4/6 - trial 4 subject 6 
I 
10 
I 
20 
Excerpt Axis 
I 
30 40 
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APPENDIX IX 
AKAI Sampler Measurements 
AKAI Continuous Control Measure 
Sine wave measured with Neutrik Audio Transmission Test Set TT402 
All readings are RMS 
AKAI set to standard factory settings 
"Note-on" velocity set to 60 
"Note-on" velocity set to 120 
frequency = 261.6 hz (C) frequency 880 hz (A) 
Overall fl dBU = 42.7 Overall fl dBU = 42.1 
MIDI dBU MIDI dBU 
Message Message 
1 -60.0 1 
-35.0 
2 -53.8 6.2 2 
-29.0 
3 -50.0 3.8 3 
-25.4 
4 -47.4 2.6 4 
-22.9 
5 -45.5 1.9 5 
-21.0 
6 -43.9 1.6 6 
-19.4 
7 -42.6 1.3 7 
-18.0 
8 -41.4 1.2 8 
-16.9 
9 -40.3 1.1 9 
-15.9 
10 -39.4 0.9 10 
-14.9 
11 -38.6 0.8 11 
-14.1 
12 -37.8 0.8 12 
-13.4 
13 -37.1 0.7 13 
-12.6 14 -36.5 0.6 14 
-12.0 15 -35.9 0.6 15 
-11.4 16 -35.4 0.5 16 
-10.8 17 -34.8 0.6 17 
-10.3 18 -34.3 0.5 18 
-9.8 19 -33.9 0.4 19 
-9.3 20 -33.4 0.5 20 
-8.9 21 -33.0 0.4 21 
-8.5 22 -32.6 0.4 22 
-8.1 23 -32.2 0.4 23 
-7.7 24 -31.8 0.4 24 
-7.3 25 -31.4 0.4 25 
-7.0 26 -31.1 0.3 26 
-6.6 27 -30.7 0.4 27 
-6.3 28 -30.4 0.3 28 
-6.0 29 -30.1 0.3 29 
-5.7 30 -29.8 0.3 30 
-5.4 
6 
3.6 
2.5 
1.9 
1.6 
1.4 
1.1 
1.0 
1.0 
0.8 
0.7 
0.8 
0.6 
0.6 
0.6 
0.5 
0.5 
0.5 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 
0.4 
0.3 
0.3 
0.3 
0.3 
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31 -29.6 0.2 31 
-5.1 0.3 32 -29.3 0.3 32 
-4.9 0.2 
33 -29.0 0.3 33 
-4.6 0.3 34 -28.8 0.2 34 
-4.3 0.3 
35 -28.5 0.3 35 
-4.1 0.3 36 -28.3 0.2 36 
-3.8 0.3 37 -28.0 0.3 37 
-3.6 0.2 38 -27.8 0.2 38 
-3.4 0.2 39 -27.6 0.2 39 
-3.1 0.3 40 -27.3 0.3 40 
-2.9 0.2 41 -27.1 0.2 41 
-2.7 0.2 42 -26.9 0.2 42 
-2.5 0.2 43 -26.7 0.2 43 
-2.3 0.2 44 -26.5 0.2 44 
-2.1 0.2 45 -26.3 0.2 45 
-1.9 0.2 46 -26.1 0.2 46 
-1.7 0.2 47 -25.9 0.2 47 
-1.5 0.2 48 -25.7 0.2 48 
-1.3 0.2 49 -25.5 0.2 49 
-1.1 0.2 50 -25.4 0.1 50 
-0.9 . 0.2 51 -25.2 0.2 51 
-0.8 0.1 50 -25.0 0.2 52 
-0.6 0.2 53 -24.9 0.1 53 
-0.4 0.2 54 -24.7 0.2 54 
-0.3 0.1 55 -24.6 0.1 55 
-0.1 0.2 56 -24.4 0.2 56 0 0.1 57 -24.2 0.2 57 0.2 0.2 58 -24.1 0.1 58 0.3 0.1 59 -24.0 0.1 59 0.5 0.2 60 -23.8 0.2 60 0.6 0.1 61 -23.7 0.1 61 0.8 0.2 62 -23.5 0.2 62 0.9 0.1 63 -23.4 0.1 63 1.1 0.2 64 -23.2 0.2 64 1.2 0.1 65 -23.1 0.1 65 1.4 0.2 66 -23.0 0.1 66 1.5 0.1 67 -22.9 0.1 67 1.6 0.1 68 -22.7 0.2 68 1.7 0.1 69 -22.6 0.1 69 1.9 0.2 70 -22.5 0.1 70 2.0 0.1 71 -22.4 0.1 71 2.1 0.1 72 -22.2 0.2 72 2.2 0.1 73 -22.1 0.1 73 2.4 0.2 74 -22.0 0.1 74 2.5 0.1 75 -21.9 0.1 75 2.6 0.1 76 -21.8 0.1 76 2.7 0.1 77 -21.7 0.1 77 2.8 0.1 78 -21.5 0.2 78 2.9 0.1 79 -21.4 0.1 79 3.0 0.1 80 -21.3 0.1 80 3.2 0.2 81 -21.2 0.1 81 3.3 0.1 
PAGE 
NUMBERING 
AS ORIGINAL 
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AKAI "Note-On" Measurements 
SINE wave measured with Neutrik Audio Transmission Test Set TT402 
All readings are RMS. Frequency 261.6 HZ (C) 
Notes: 
• The effect of velocity on output volume was set to various settings on the 
"out" page of the "edit-program" button. 
• It is clear that the optimum setting is the standard factory setting 
• It seems that the user primarily configures the scaling of the AKAI's response 
to velocity. Again, it is suggested that the simple factory setting is optimal. 
AKAI "loudness" output set to: +18 overall ~ 21.4 
MIDI note-on 
velocity 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
dBU 
-30.0 
-29.8 
-29.6 
-29.6 
-29.3 
-29.1 
-28.9 
-28.9 
-28.6 
-28.4 
-28.4 
-28.2 
-28.0 
-27.7 
-27.7 
-27.5 
-27.3 
-27.3 
-27.0 
-26.8 
-26.5 
-26.5 
-26.3 
-26.1 
-26.1 
-25.8 
-25.6 
-25.4 
-25.4 
-25.1 
-24.9 
-24.7 
-24.7 
-24.4 
0.2 
0.2 
o 
0.3 
0.2 
0.2 
o 
0.3 
0.2 
o 
0.2 
0.2 
0.3 
o 
0.2 
0.2 
o 
0.3 
0.2 
0.3 
o 
0.2 
0.2 
o 
0.2 
0.2 
0.2 
o 
0.3 
0.2 
0.2 
o 
0.3 
35 
36 
37 
38 
39 
40 
127 
-24.2 
-24.2 
-24.0 
-23.7 
-23.5 
-23.5 
-8.6 
0.2 
o 
0.2 
0.3 
0.2 
o 
Appendix IX - AKA! Sampler measurements 340 
measurements stopped because overall Il less than factory standard setting. 
AKAI "loudness" output set to: +50 
MIDI note-on dBU 
velocity 
1 -50.0 
2 -49.7 
3 -49.2 
4 -48.7 
5 -48.3 
6 -47.8 
7 -47.3 
8 -46.8 
9 -46.4 
10 -45.9 
11 -45.4 
12 -44.9 
13 -44.4 
14 -44.0 
15 -43.5 
16 -43.0 
17 -42.5 
18 -42.0 
19 -41.6 
20 -41.1 
21 -40.6 
22 -40.2 
23 -39.7 
24 -39.2 
25 -38.8 
26 -38.4 
27 -37.8 
28 -37.4 
29 -36.9 
30 -36.4 
31 -36.0 
32 -35.5 
33 -35.0 
34 -34.6 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
-34.1 
-33.6 
-33.1 
-32.6 
-32.1 
-31.6 
-31.2 
-30.7 
-30.2 
-29.7 
-29.3 
-28.8 
-28.3 
-27.9 
-27.4 
-26.9 
-26.5 
-26.0 
-25.5 
-25.1 
-24.6 
-24.1 
-23.7 
-23.2 
-22.7 
-22.2 
-21.7 
-21.3 
-20.8 
-20.3 
-20.1 
-19.6 
-19.2 
-18.7 
-18.2 
-17.7 
-17.2 
-16.8 
-16.3 
-15.8 
-15.4 
-14.9 
-14.4 
-14.0 
-13.5 
-13.0 
-12.5 
-12.1 
-11.6 
-11.1 
-10.7 
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86 
87 
88 
89 
90 
91 
92 
-10.2 
-9.7 
-9.3 
-8.8 
-8.4 
-8.1 
-8.1 
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measurements were terminated because no further increase in dBU was possible 
TEST 1 - AKA I "loudness" output set to: +20 (Factory Setting) 
overall tl 23.8 
MIDI note-on 
velocity 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
dBU 
-38.0 
-37.8 
-37.6 
-37.3 
-37.3 
-37.0 
-36.8 
-36.6 
-36.3 
-36.3 
-36.1 
-35.9 
-35.6 
-35.4 
-35.4 
-35.2 
-34.9 
-34.7 
-34.5 
-34.5 
-34.2 
-34.0 
-33.8 
-33.5 
-33.5 
-33.3 
-33.0 
-32.8 
-32.6 
-32.6 
-32.3 
-32.1 
-31.8 
-31.6 
0.2 
0.2 
0.3 
o 
0.3 
0.2 
0.2 
0.3 
o 
0.2 
0.2 
0.3 
0.2 
o 
0.2 
0.3 
0.2 
0.2 
o 
0.3 
0.2 
0.2 
0.3 
o 
0.2 
0.3 
0.2 
0.2 
o 
0.3 
0.2 
0.3 
0.2 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
-31.6 
-31.4 
-31.1 
-30.9 
-30.7 
-30.7 
-30.4 
-30.2 
-30.0 
-29.7 
-29.7 
-29.5 
-29.3 
-29.0 
-28.8 
-28.8 
-28.5 
-28.3 
-28.1 
-27.8 
-27.8 
-27.6 
-27.4 
-27.1 
-26.9 
-26.9 
-26.6 
-26.4 
-26.2 
-26.0 
-26.0 
-25.7 
-25.5 
-25.3 
-25.3 
-25.0 
-24.8 
-24.6 
-24.3 
-24.3 
-24.1 
-23.8 
-23.6 
-23.4 
-23.4 
-23.1 
-22.9 
-22.7 
-22.4 
-22.4 
-22.2 
o 
0.2 
0.3 
0.2 
0.2 
.0 
0.3 
0.2 
0.2 
0.3 
o 
0.2 
0.2 
0.3 
0.2 
o 
0.3 
0.2 
0.2 
0.3 
o 
0.2 
0.2 
0.3 
0.2 
o 
0.3 
0.2 
0.2 
0.2 
o 
0.3 
0.2 
0.2 
o 
0.3 
0.2 
0.2 
0.3 
o 
0.2 
0.3 
0.2 
0.2 
o 
0.3 
0.2 
0.2 
0.3 
o 
0.2 
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86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
-22.0 
-21.8 
-21.5 
-21.5 
-21.3 
-21.0 
-20.8 
-20.6 
-20.6 
-20.3 
-20.1 
-19.9 
-19.7 
-19.7 
-19.4 
-19.2 
-18.9 
-18.7 
-18.7 
-18.5 
-18.2 
-18.0 
-17.8 
-17.8 
-17.5 
-17.3 
-17.0 
-16.8 
-16.8 
-16.6 
-16.4 
-16.1 
-15.9 
-15.9 
-15.7 
-15.4 
-15.2 
-14.9 
-14.9 
-14.7 
-14.5 
-14.2 
0.2 
0.2 
0.3 
o 
0.2 
0.3 
0.2 
0.2 
o 
0.3 
0.2 
0.2 
0.2 
o 
0.3 
0.2 
0.3 
0.2 
o 
0.2 
0.3 
0.2 
0.2 
o 
0.3 
0.2 
0.3 
0.2 
o 
0.2 
0.2 
0.3 
0.2 
o 
0.2 
0.3 
0.2 
0.3 
o 
0.2 
0.2 
0.3 
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TEST 2 - AKAI "loudness" output set to: +20 (Factory Setting) 
overall 6 23.7 
MIDI note-on dBU 
velocity 
1 -21.0 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
-20.8 
-20.6 
-20.3 
-20.3 
-20.1 
-19.8 
-19.6 
-19.4 
-19.4 
-19.1 
-18.9 
-18.7 
-18.4 
-18.4 
-18.2 
-18.0 
-17.8 
-17.5 
-17.5 
-17.3 
-17.1 
-16.8 
-16.6 
-16.6 
-16.4 
-16.1 
-15.9 
-15.7 
-15.7 
-15.4 
-15.2 
-14.9 
-14.7 
-14.7 
-14.5 
-14.2 
-14.0 
-13.8 
-13.8 
-13.6 
-13.3 
-13.1 
-12.8 
-12.8 
-12.6 
-12.4 
-12.1 
-11.9 
-11.9 
-11.6 
-11.4 
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53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
-11.2 
-10.9 
-10.9 
-10.7 
-10.4 
-10.2 
-10.0 
-10.0 
-9.8 
-9.5 
-9.3 
-9.0 
-9.0 
-8.8 
-8.6 
-8.3 
-8.3 
-8.1 
-7.9 
-7.6 
-7.4 
-7.4 
-7.2 
-6.9 
-6.7 
-6.4 
-6.4 
-6.2 
-6.0 
-5.8 
-5.5 
-5.5 
-5.3 
-5.0 
-4.8 
-4.6 
-4.6 
-4.3 
-4.1 
-3.9 
-3.6 
-3.6 
-3.4 
-3.2 
-2.9 
-2.7 
-2.7 
-2.5 
-2.2 
-2.0 
-1.8 
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104 
105 
106 
107 
108 
109 
110 
III 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
-1.8 
-1.5 
-1.3 
-1.1 
-0.8 
-0.8 
-0.6 
-0.4 
-0.1 
0.1 
0.1 
0.3 
0.6 
0.8 
1.0 
1.0 
1.3 
1.5 
1.7 
2.0 
2.0 
? ? 
-.-
2.4 
2.7 
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